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BICC undertake the supply and 
erection of overhead transmission 
lines in any part of the World, for 
all standard voltages. The illustra- 
tion shows an overhead tower on the 
first section of Britain's new 275,000 
volt Super-Grid, erected by the BIC 
Construction Company. The conduc- 
tors were supplied by BICC; the 
towers were designed by Blaw Knox 
Ltd., and fabricated by Painter Bros. 
Ltd. BICC have in hand, or completed, 
contracts for 259 miles of 275 kv 
Super-Grid. 














These couplers have been developed for use with 
BICC polythene insulated multi-unit cables to meet 
the need for a reliable trailing cable system for 
mobile electronic equipment used for example in 
outside broadcast television, ground radar, centi- 


metre radio links and specialised remote control. 
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BICC Capacitors have a guaranteed efficiency of 
not less than 99.87",. Used in capacitor banks they 


are helping to improve the performance of electric 
supply systems in many countries. In Canada, 
the Shawinigan Water & Power Co. Ltd., recently 
installed their third large bank (shown here). The 
banks previously installed had given completely 
trouble-free service in climatic conditions where 
temperature range from -40°F to 100°F (-40°c to 38°c). 




























By working in close co-operation 
with electrical manufacturers and 
supply undertakings, BICC have 
always had a clear picture of the 
progressive demands on electrical 
transmission, distribution and 
telecommunications. 

Backed by vast resources and 
research facilities, this Company 
has developed and manufactured 
an important range of cables and 
associated equipment to give long 
trouble-free service under all oper- 
ating conditions —from the tropics 
to the arctic. Some of our pioneer 
work is shown here. The complete 
list of BICC products is given in 
Publication No. 215—available on 
request. 


The special compound with which these paper insulated cables 
are impregnated will not migrate even on vertical runs at maximum 
permissible working temperatures. M.I.N.D. cables are specially 
suitable for use in mines, as rising mains in large buildings, and in 
installations in high ambient temperatures, as experienced in 
tropical countries. They are available for service up to 11,000 volts. 
A full account of these cables is given in Publication No. 308. 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 


Trends in Electricity Supply 


USEFUL study of the electricity supply position 

in Europe has just been made by the Electricity 

Committee of the Organisation for European 
Economic Co-operation. It outlines recent tendencies 
and gives a few pointers as to the prospects of devel- 
opment between 1954 and 1958. Until 1951 annual 
production showed an average increase of about 9 per 
cent. The gap between supply and demand for elec- 
trical power has been steadily closed and, generally 
speaking, restrictions on consumption have been re- 
moved in most countries. Since 1951, development of 
power supply has been slower and more regular; 
estimates made by various countries show that the 
average rate of increase in production between now 
and 1958 should be about 6 per cent. per annum. 

Production of electricity in Western Europe was 
about 256,000 million kWh in 1951, i.e., about double 
the immediate postwar figure. It rose to 272,000 mil- 
lion kWh in 1952 and 288,000 million in 1953. The 
increase recorded from 1952 to 1953 has varied from 
country to country; the increase was very rapid, for 
example, in Austria, Germany and Norway, but re- 
mained more or less stationary in Belgium, increasing 
moderately in France and the United Kingdom. 

Installed capacity, the development of which closely 
followed that of production until 1951, continued to 
increase rapidly, rising from 67 million kW at the end 
of 1951 to 79 milllion at the end of 1953, although 
demand was less pressing during these latter years. 
This seems to suggest that older plant was being 
gradually replaced and was no longer being used 
except in certain peak periods. Installed capacity in- 
creased more rapidly for thermal than for hydro plant; 
at the present time the two components represent 60 
and 40 per cent. respectively of the total capacity of 
Western Europe. 

Most countries have experienced difficulty in 
financing the capital development programmes under- 
taken since the war. Although appreciable progress 
has been made since 1951, several countries (par- 
ticularly France, Germany and Italy) have un- 
doubtedly been held up with their programmes and 
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obsolete plant has had to be kept running for longer 
than was foreseen. 

A good deal of emphasis is placed on making more 
extensive exchanges of power between member coun- 
tries. By these means the total installed capacity 
need not be so great, because the load curves of dif- 
ferent countries can be compensated; a more efficient 
use can be made of the more economical power 
stations which might otherwise not be run at full load; 
and fewer reserve stations are needed as a safeguard 
against unforeseen outages in either production or 
distribution. Unfortunately the exchange of electrical 
power between member countries has so far been 
quite insignificant; in 1950, for instance, it represented 
a mere 2:2 per cent. of the total production of coun- 
tries with interconnected grids. In 1953 this percen- 
tage rose to 2°9 as a result of agreements providing 
for compensation during the winter for power deli- 
vered during the summer. The largest exports are 
from Austria and Switzerland, and represent 14-7 and 
11-1 per cent. respectively of the electric power gener- 
ated in these countries in 1953. Germany is the only 
net importer but, even there, imports represented only 
about 3-7 per cent. of national production in 1953. 
For some years Germany has been importing from 
Austria on a long-term contract which provides for 
the delivery of over 1,000 million kWh produced in 
the Vorarlberg and Tyrol districts. In addition, ar- 
rangements have been made between Germany, 
France, Belgium, the Netherlands and Switzerland 
for deliveries of hydro power during the summer to 
be exchanged for equivalent deliveries of thermal 
power during the winter months. Reference is made 
to the project, now under consideration, for laying a 
high-tension submarine cable between the United 
Kingdom and France. 

In relation to the cost of living, electricity prices 
have been lower since the war than in 1938. Among 
the factors which helped to reduce the real costs per 
kWh, the report mentions the following: Higher effi- 
ciency of thermal and hydro-power plant; develop- 
ment of interconnection of power stations and net- 
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works; concentration of production; and a rate policy 
which, by encouraging new uses of electricity and in- 
creased sales, has helped to reduce the incidence of 
overheads. However, a general increase in the cost of 
capital plant is to be expected and it is extremely 
unlikely that technical progress and an increased 
demand can alone offset the increased interest 
charges; a rise in the cost of electricity generated in 
new plants would therefore seem inevitable. 

In discussing the prospects for the years 1954-1958 
the report concludes that the rate of demand will still 
increase considerably. Estimates show that European 
consumption should increase by 8 per cent. in 1954 
and by about 6 per cent. on an average for each year 
up to 1958. Generally speaking, public and domestic 
consumption should increase rather more than indus- 
trial consumption; but the trend will vary according 
to the country. In Belgium, the Netherlands and the 
United Kingdom industrial consumption still tends to 
increase more rapidly than the demand by domestic 
consumers, but the converse is generally true of less 
industrialised countries such as Denmark, France, Ire- 
land, Italy and Portugal. Electricity production is ex- 
pected to reach about 311,000 million kWh in 1954 
and might attain 388,000 million in 1958. The total in- 
stalled capacity (85-3 million kW at the end of 1954) 
will probably reach at least 103 milion kW by 1958. 
These figures are stated to represent programmes 
which are certain to be carried out and might well be 
slightly exceeded. 

In concluding their report the Elec:ricity Committee 
draws attention to various problems which now face 
this industry: The use of hydro resources within limits 
compatible with economic operation; the development 
of interconnection between member countries, leading 
to increased power exchanges; the development of 
regions with cheap power resources; and the difficulty 
of finance in certain countries. 


Hydro-Electric Schemes and Nuclear 
Power 


A STATEMENT issued by Mr. T. Lawrie, General 
Manager of the North of Scotland Hydro-Electric 
Board, refuted any suggestion that future hydro-elec- 
tric construction in Scotland should be abandoned 
in view of the development of atomic power in Great 
Britain. On the contrary, he maintained the figures 
in the White Paper on Nuclear Power envisaged a 
ten-fold expansion of hydro-electric and pump-stor- 
age power in the next twenty years. Far from the 
existing hydro-electric undertakings contributing only 
minutely to the electricity pool as a whole. the White 
Paver forecasted that by 1975 there would be some 
2,000 to 4,000 MW of hydro-electric and pumped- 
storage plant and 10,000 to 15.000 MW of nuclear 
power plant so that the total hydro-electric capacity 
would then be about one-quarter to one-fifth of the 
nuclear power plant installed in the whole of Great 
Britain. The nuclear power plant would be utilised 
for base-load plant and the hydro-electric plant mostly 
for peak load. 

The resources of pumped-storage in the Highlands 
have not yet been tapped, he went on to state, because 
the Hydro Board has been too busy with the develop- 
ment of ordinary hydro schemes and the distribu- 
tion of electricity. Nuclear-power stations, however, 
apparently had to run at a steady load day and night: 
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consequently, the need for other means of meeting 
peak-load power would become more and more im- 
portant. The Sloy power station represented ai. >ut- 
standing exampie of a valuable peak-load hy Jro- 
power station and the service it provided might necd to 
oe multiplied many times over. It would not be ciffi- 
cult to build a pumped-storage station of large size 
alongside the present Sloy station, pumping the \ ater 
of Loch Lomond up to Loch Sloy, at periods of low 
demand, by means of nuclear power and using it to 
drive turbines at times of peak loads. This procedure 
would only vary the daily level of Loch Lomond by 
an inch or two. ; 


Shawinigan’s New Issue 


THE Shawinigan Water and Power Company's net 
2arnings were $2°84 a common share last year, com- 
pared with $2:27 in 1953. An offer has been made 
to existing shareholders to purchase at $46 one new 
share for each 10 already held, and in addition to 
apply for a further limited number of shares, at the 
same price, if any of the new issue remains unsold. 
Earnings from power operations amounted to $2-01 
a share in 1954, compared with $1:47 in 1953, an in- 
crease which reflects new records in gross revenue and 
in peak load. 

J. A. Fuller, president of the Company, explained 
that exceptionally good water conditions in the fourth 
quarter of the year permitted the sale of large amounts 
of energy for electric boilers and, at the same time, a 
reduction in purchases of secondary power from other 
producers. More power was also sold to asbestos and 
electro-chemical industries, headed, and over the 
year there was a pronounced increase in the revenue 
from retail distribution, because of the addition of 
10,000 customers, an increased average use of elec- 
tricity by residential customers. and to some extent 
because of the higher rates which became effective 
in July. 

The prospectus which accompanies the offer shows 
that the energy output of Shawinigan’s generating 
stations last year amounted to 6,269 million kWh. 

The Company now has generating stations with a 
total installed capacity of about 1,500,000 h.p. at six 
sites on the St. Maurice River, including that of the 
wholly-owned subsidiary St. Maurice Power Corpora- 
tion, and two smaller plants on other rivers. It also 
holds leases on four other potential power-sites, not 
yet developed, on the St. Maurice. This year it is 
adding generating sets with a total capacity of 158,500 
h.p. at three of the present plants. 


World Power Conference, Vienna, 1956 


THE final text of the Technical Programme of the 
Fifth Plenary World Power Conference has now been 
issued. This document has been drawn up by the 
Austrian National Committee after taking note of the 
comments which were made on the provisional pro- 
gramme by members of the National Committees who 
attended the Executive Council meeting at Petropolis, 
Brazil, in 1954. The theme chosen for the Conference 
in Vienna is “World Energy Resources in the Light 
of Recent Technical and Economic Developments.” 
The programme has been drawn up so that notwith- 
standing the wide variety of topics which a theme of 
this kind opens up, the Conference will be able to 
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note the chief trends and bring about a clearer under- 
standing of their importance among the experts of 
the rotions engaged. Communications intended for 
the British Papers Committee should be sent to: The 
Secretary, British National Committee, World Power 
Conference, 201-2, Grand Buildings, Trafalgar 
Square, London, W.C.2., from whom a copy of the 
programme can be obtained. 


First Stage of Uganda’s Grid Finished 


THE 132,000 V transmission lines which have been 
built to carry power from Owen Falls to Kampala and 
Tororo have now been completed. The lines have a 
route length of 114 miles and represent the first stage 
in the development of a grid transmission system for 
Uganda, and possibly for the whole of East Africa. 
Although it is barely sixteen months since the first 
of the 552 steel towers which support the conductors, 
was erected, the lines are now operating at 33,000 V. 
They will go into commission at the full voltage of 
132,000 V later this year. 

Sir Charles Westlake, Chairman of the Uganda 
Electricity Board, was present when the last joints 
were made in the conductors. The contractors for the 
lines were The British Insulated Callender’s Construc- 
tion Co. Ltd. who have had many problems to solve 
in the difficult bush and forest country in which much 
of the constructional work was necessarily carried out. 


Projects in Honduras 


As part of a major economic development plan 
which has ben drafted under the aegis of the Inter- 
national Bank, an investigation has been made into 
the hydro-power potentialities of Honduras. The river 
Lindo gives most promise of immediate development 
and a site has been chosen north of lake Yoioa for a 
plant having an initial capacity of 15 MW, with a pos- 
sible final capacity of 100 MW. The investigating 
committee has recommended the setting up of a 
national board to handle this matter and to control 
the generation and distribution of electrical power 
throughout the country. This work of integration and 
co-ordination will begin with the construction of a 
high-voltage transmission network and the extension 
of local distributing systems. 


Progress in North of Scotland 


Tue North of Scotland Hydro-Electric Board’s 
Annual Report for 1954 published recently states that 
the Board’s most striking contribution to the economy 
of Scotland last year was probably the saving of about 
700.000 tons of coal due to the production of 1.183 
million kWh from their hydro-electric stations. Three 
hydro-electric power stations with a total capacity of 
32,700 kW were brought into operation in 1954 making 
a total of 17 hydro-electric power stations in opera- 
tion; there are 20 schemes now under construction 
and a number of other schemes are being surveyed. 
The capacity of the Board’s hydro stations is 431,385 
kW. representing a threefold increase since 1949. 

These schemes have involved the driving of 85 
miles of rock tunnelling and in view of the costs in- 
volved a great deal of attention has been directed 
towards doing this work efficiently. 

A. M. Carmichael Limited, of Edinburgh, who have 
already driven 26 miles of tunnel for the Board and 
WATER POWER 
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have still 54 miles to do, completed the driving of the 
9 ft. dia. Vaich tunnel and the 10 ft. dia. Glascarnoch 
tunnel by the end of October. In doing so they main- 
tained an average rate of driving per face of 476 ft. 
per month. This was good progress, especially as the 
length of the Glascarnoch tunnel, 44 miles, involved 
long hauls for the rock spoil. Good progress was also 
made by the Cementation Co. Ltd. in one of the 64 ft. 
dia. Lawers tunnels which was driven from one face 
at a driving rate of 692 ft. per month. 

On the new works George Wimpey & Co. Ltd. 
(Shin), Edmund Nuttal Sons & Co. Ltd. (Breadai- 
bane, Killin Section) and The Mitchell Construction 
Company (Breadalbane, St. Fillans Section) have all 
made a good start and the indications are that even 
better tunnel progress may be achieved. A first sign 
of this was during December when three weeks of 
good progress by The Mitchell Construction Company 
culminated in a record drive of 428 ft. in one week at 
a single 10 ft. dia. heading. This is the best weekly 
progress ever made in any size tunnel for the Board, 
and may well represent a record in Europe. 


St. Lawrence Seaway Turbines 


THE Hydro-Electric Power Commission of Ontario 
has placed with the John Inglis Company of Toronto, 
Ontario, the Canadian associates of The English Elec- 
tric Co. Ltd. of England, an order for sixteen 
75,000 h.p. fixed propeller-type water turbines. The 
value of this contract amounts to seven and a half 
million dollars, and is one of the largest orders of its 
type ever to be placed with one concern. It comprises 
the complete turbine installation on the Canadian 
side of the St. Lawrence Seaway Project. 

The equipment will be manufactured at the Com- 
pany’s works in Toronto to the designs of the English 
Electric Co. Ltd. In placing this large contract the 
Ontario Hydro-Electric Power Commission authori- 
ties are understood to have expressed their satisfac- 
tion with the design work of the parent Company. 

The guaranteed efficiency of these 75,000 h.p. 
machines, when operating under a nett head of 81 ft., 
is 92-5 per cent. The turbine runners will normally 
operate at 94-7 revs. per min. and have been designed 
to give a run-away speed of 200 revs. per min., which 
will facilitate considerably the task of designing the 
corresponding generators. Some impression of the 
size of these turbines may be gathered from the fact 
that the runner diameter will be 21 ft. and that of the 
shaft 39 in. The spiral casings will be formed in 
concrete. 


Rheinau Referendum 


VIOLENT agitation for and against the construc- 
tion of the Rheinau project had reached such a climax 
that the opposition represented by the powerful Ligue 
pour la Protection de la Nature took the initiative to 
apply to the Swiss Federal Government for a referen- 
dum. This referendum held on December 5, 1954, 
gave an overwhelming victory to the promoters of the 
project by 504,000 to 229,000 votes, no less than 49 
per cent. of the voters abstaining. The project on 
which work began in March 1953 will therefore be 
carried into effect, and the concessionaires have taken 
every care to preserve the beauty of the Rhine Fall 
and of the whole landscape in the vicinity of the 
Rhine loop. 
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Present Trends in the Design of 
Pressure Tunnels and Shafts 


An abstract is given of a paper presented to the Institution 

of Civil Engineers by Charles Jaeger, Dr és Sc. Techn., the 

text having been modified in places in the light of contri- 
butions made to the discussion. 


PART 


HE construction of the steel-lined shaft at Han- 

deck I station clearly illustrates the problems in- 

volved. After the pressure shaft had been under full 
pressure for a short period and then emptied, inspec- 
tion showed at some places that the steel lining was 
buckling under the external water pressure. This was 
attributed to the great length of the pipes being used, 
the method of concreting and the quality of the con- 
crete filling between the steel plates and the rock. 
Ground-water penetrating into the voids of the con- 
crete was believed to have caused the outside pressure 
to rise until buckling of the pipes resulted. Repair was 
effected by rewelding the damaged pipes and grout- 
ing. Similar buckling was reported at some of the 
Italian pressure tunnels of the Marinoni type which 
are lined with very thin steel plates (see Table 2) 

As a result of these experiences, vibration and 
grouting of the concrete filling was then universally 
adopted. Nevertheless, inspection of steel-lined tunnels 
after grouting may reveal areas where voids have not 
been filled with grout and where buckling may occur. 

It should be emphasised that no rock or concrete 
is completely impervious. Hydrostatic pressure may 
be transmitted long distances through small rock fis- 
sures or through the pores of the concrete. It must. 
therefore, be assumed that, since the concrete lining 
of galleries and shafts is somewhere in direct contact 
with water (for example, with the water in the surge 
tank), full hydrostatic pressure may be operating be- 
hind the steel lining. 

In earlier projects efforts were made to relieve this 
pressure by drainage pipes parallel to the tunnel. If 
these pipes are small, running just beneath the steel 
lining, they probably become sealed when pressure 
grouting is applied. If they are large, designed as 
inspection galleries, experience has proved that the 
stress distribution on the circular tunnel lining is no 
longer symmetrical. Bending moments will develop in 
the lining, which may cause a disastrous burst, such 
as occurred in the Gerlos pressure shaft in Austria. 
Modern views of designers are against any drainage 
system with pipes or galleries parallel to the main 
pressure tunnel or shaft. 

If small drainage pipes are provided, they should 
not be considered as relieving the water pressure in 
the rock, even though some of them keep working 
and spouting clear water years after the rock has been 
grouted solid. 

Local springs and wet rock surfaces should be con- 
veniently drained; after final grouting of the rock, the 
drainage shou'd be grouted solid with thick grout. 

On several recent projects, such as Kemano, Gondo. 
and some Norwegian schemes, the inclined pressure 
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shaft is divided into two sections by an adit which is 
used during the construction. This adit is then kept 
open as a permanent drainage gallery and provided 
with drainage boreholes so that the external pressure 
on the lining may be reduced. Fig. 15 shows the 
drainage system and the distribution of external pres- 
sure which was considered for the design of the steel- 
lined high-pressure gallery at Gondo.* 


= 1289 Maximum surge A. 


so 


me 














1256 
(Pressure tunnel 





Levels in metres 
s 
sw" 
| water pressure 
Aait o External water p 
1040 
a 
Grouting pressure. 
6 kg. per sq.cm 
799 37 y 
e 
N 
ot ye 
of External water pressure 


27 kg.per sq. ¢.m 


Fig. 15. Gondo pressure shaft; diagram of external 
water pressure; drainage through adit 


At Fionnay underground power station the steel 
lining of the pressure shaft has an inner diameter of 
7°9 ft. It is proof against buckling under an external 
hydrostatic pressure of 355 Ib./sq. in. This value was 
determined regarding the overburden and the strike 
and dip of the rock beds. The buckling calculations 
resulted, in the lower part, in a plate thickness of 20 
mm. and a distance of 9:2 ft. between stiffening rings 
(angle iron, section 120/120/13 mm.) (Communicated 
by Electro-Watt, Ziirich). 

At the present time, most designers agree that the 
external water pressure is a major problem, but 
opinions diverge considerably regarding the distribu- 
tion of the external pressure and even more so regard- 
ing the methods for stiffening the steel lining and the 
design of the lining against buckling.**: ** 

Some designers claim that any reinforcing rib or 
anchorage of the steel lining would make it impossible 
to ensure a perfect concrete filling behind the plate 
linings, so they suppress all forms of anchorage. A 
typical modern example is the pressure shaft of the 
Gondo power station where the pipes are not anchored 
in the concrete and had to be reinforced internally 





* Details on the Gondo fressure shaft will be published in the written 


discussion of this paper (See: Proceedings of the Institution of Civil 
Engineers. Part TI. 1955) 
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during the concreting process to withstand the pressure 
of the wet concrete. 1he shaft was finally grouted at 
low pressure (Fig. 15). 

There are many modern examples of the opposite 
technique, in which the plate linings are solidly an- 
chored to the concrete. It is a matter of detailed design 
to shape the anchorages so that they do not hamper 
the dense packing of the concrete lining. The grout 
holes need to be so arranged that grout pressure will 
penetrate to every point where voids might have been 
formed during the initial concreting. 

Table 3 gives some details of the reinforcing hoops 
or ribs which were adopted at Isére-Arc, Oberaar, and 
elsewhere. Proposals were made to replace the con- 
ventional angle-irons by other types of hoop, or by 
arranging the plates differently (Isére-Arc). Eiectricité 
de France are now introducing the so-called “hedge- 
hog spine” anchorage, which consists of studs welded 
to the plate; one of the first examples is the steel lining 
of the Rossens intake and discharge tunnels,** where 
the studs were welded by hand. Electricité de France 
proposes to introduce stud-welding machines to lower 
the cost of anchoring. 

It is well worth noting that ideas concerning the 
anchorage of steel intake pipes passing through gravity 
or gravity arch dams were evolved on similar lines. 
Earlier pipes were not anchored at all. The Rossens 
intake tunnel is, to some extent, a replica of the 
anchorages designed by the Compagnie Nationale du 
Rhone for the pipelines of Génissiat, and the welded 
studs (hedgehog spine) were first used at Castelo do 
Bode (Portugal) for the three pipes through the gravity 
arch dam. 

The design calculations for the steel plate linings 
depend on the form of the anchorage, if any. An 
inquiry among designers responsible for steel linings 
shows that this question is still very controversial. 
The theories of Issemann-Pilarski (which are to some 
extent a generalisation of the theory of Allievi for 
free pipes) and the formulae of Von Mises, Féppl, and 
Amstutz*' (first Paper) have been used. They all apply 
to the case of a pipe, reinforced by ribs or not re- 
inforced at all, but not directly backed by the concrete 
filling. The theories of Issemann-Pilarski and Foéppl 
are based on the theory of thin shells and they intro- 
duce a critical value p.,’ for the external pressure p’ 
at which the lining suddenly becomes unstable and 
buckles. More recently a detailed Paper by Juillard** 
and a second Paper by Amstutz*' discuss the effect 
of prestressing (by grouting) the thin steel shell in 
order to increase its stability against buckling.** 

Another approach was given by Dubas when calcu- 
lating the steel lining of the gallery of Rossens. This 
method does not introduce the idea of the general 
instability of a shell but assumes that, when a lining 
buckles, the metal has somewhere reached the limit 
of elasticity. 

Dubas assumed (Fig. 16) that the reinforcement and 
anchorages are along a generator of the cylinder. If 
2 is the angle at the centre corresponding to the 
angular opening between two successive anchorages, 
Dubas assumes that the bending stress in the steel 
plate at point A reaches the yield point, thus producing 
buckling when the plate is no longer backed by the 
concrete filling over a length /=2ar, where 2a is the 








** A new theory on the stability of thin steel linings due to Mr 
Knapp (Sao Paulo) will be published in the written discussion of 
~ paper (See: Proceedings of the Institution of Civil Engineers, 
‘art Il, 1955) 
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Fig. 16. Calculation of local stresses and strains when 
a Steel lining is buckling (after Dubas) 
angle at the centre of the buckling length /. 
He finds that a*= bf ® and 
eE 


4 





pa > . . 
Cer =—z— Per =u (yield point) 


> 


from which the critical load p,.’ can be calculated. 
This method was used for calculating the steel lining 
of the shaft of Handeck II power station.** 

These ideas have been further elaborated in an un- 
published internal report of Electricité de France, 
where it is shown that the anchorages or ribs are better 
arranged along circles of the cylinder (Fig. 17). 





Fig. 17. System of anchorage proposed by certain 
French specialists 


With this arrangement the loads acting on the struts 
can be calculated accurately. It will be found that the 
weight of steel being added to the steel plates for 
these “hedgehog spine” anchorages is very small. 


Grouting 

The importance of grouting for redistributing the 
stresses in the rock and for applying compression to 
the concrete lining and to the steel shell, thus creating 
radial and tangential stresses, has been realised only 
very recently. The effect of grouting on the rock elas- 
ticity has been shown in recent years (Figs. 19 and 20). 

The obvious danger of inadequate concrete backing 
to the lining should be countered by systematic grout- 
ing between the steel lining and the concrete, the 
grouting holes being concentrated along the steel re- 
inforcement ribs and between the concrete and rock. 
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It is also suggested that grouting in- 
creases the stability of the steel lining 
against buckling. 

The technique of grouting was 
developed with the intention of sup- 
pressing water leakage through the 
rock when no steel lining was provided, 
as well as to stop the ground-water 
pressure penetrating to the steel shell. 

Systematic rock grouting was used 
in 1940 for the 10 km. long pressure 
tunnel at Innertkirchen,°*: ** in order to 
prestress, in compression, the thin pre- 
cast curved asbestos-cement plates with 
which the tunnel is lined. This is prob- 
ably the first example of prestressing 
being used for a tunnel on such a large 
scale. 

Since then several designers have 
proposed ways to facilitate grouting 
procedure. Kieser**:** in Austria has 
patented procedures in which precast 
concrete blocks replace the ordinary 
concrete lining. They are masoned 
against a rough concrete lining cover- 
ing the rock surface. The precast blocks 
are provided with a small circular groove running 
along the outside of the concrete lining (Fig. 18). 
Grout is forced in these grooves, compressing the 
cylinder formed by the precast blocks. The conse- 
quent prestressing should be greater than the stresses 
created by the water pressure p inside the pressure 
tunnel. 

It is believed that Swiss engineers at Mauvoisin, 
Switzerland, contemplate the deliberate provision of 
free space between the concrete ring and the rock by 
the use of a special net of expanded metal.f At inter- 
vals the expanded metal net ends in a concrete seal 
which closes the air space. The proposal allows for 
five or six grout holes in a tunnel length of 8 metres, 
the grout pressure being 50 per cent. higher than the 
water pressure in the tunnel. In addition, the French 
are considering the use of high-pressure grouting for 
steel-lined shafts using. instead of ordinary pipes, 
banded pipes or the new French pipes prestressed with 
cables. They claim that the latter are not likely to 
buckle so long as the cable remains in tension. 

The pressure to be used for grouting is still a con- 
troversial point. 

The grouting of galleries in unsound or broken rock 
with no cohesion constitutes a special problem. With 
no cohesion and with zero stress round the perimeter 
of the gallery, equilibrium cannot exist and the rock 
would collapse under its own weight. A radial com- 
pressive stress must therefore be applied if equilibrium 
is to be maintained. This stress can be applied by 
supporting ribs, by bolts, or by a concrete lining per- 
haps in conjunction with grouting. The magnitude of 
this compressive stress is given by the Mohr stress 
diagram. Assuming that the angle of limiting friction 
in rock can be taken as 45 degrees for all practical 
purposes, the Mohr circle shows that this stress would 
be equal to one-sixth or one-seventh of p*, where p* 
denotes the measured compression in rock (assumed 
to be p* =2°5H). 

Thus, to stabilise fissured rock, a radial compres- 








¢ The results of tests made by Electro-Watt will be published in the 
writtea discussion of this paper 
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Fig. 18. Grouted prestressed gallery (after Kieser) 


sion equal to about one-seventh the measured com- 
pression p* has to be applied to it. This is usually 
done by grouting behind the lining to a minimum 
pressure of p*/7 to p*/6. 

If a water pressure p has to be supported by a 
tunnel lining of concrete only (no steel), then the 
grouting pressure has to be raised to a higher value 
if fissures and seepage are to be avoided. An internal 
water pressure p produces tensile stresses (Fig. 19) 


Ww. oe . 
of «= Pin the concrete lining ring, where r denotes 
é 


the radius of the lining and e the thickness of the 
lining. 

A grouting pressure p’ produces in this concrete 
lining a compression stress: o,’=p’r/e. 

It is known that, owing to the creep of cement, the 


Fig. 19. Pressure grouting behind a concrete lining 
in unsound rock 


pressure falls after the grout has set and it is also a 
fact that, during injection, the pressure is much re 
duced between the grout holes. For these reasons, it 
is usually assumed that the compression induced in 
the concrete ring is lessened by at least a half. On this, 
the usual factor of safety is applied to ensure t/at the 
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value of o,’ is not exceeded by the applied water pres- 
sure. | his factor of safety is usually taken as 2 so that 
the re!ation giving the grouting pressure should be 
’=4p 
- On the other hand, it is desirable that the grouting 
pressure should not exceed 4p*=1-25H. This finally 
ives : 
’ 1-25 
P= —q HA03H 

It will be seen that these recommended values of p 
and p’ will not be practical for all cases. 

It is emphasised that the grouting operation should 
be carried out with considerable care and that a 
thorough grouting of the lining is necessary to ensure 
an even distribution of the pressure. 

In many cases this value p=0°3H can be increased, 
because the concrete can be relied upon to withstand 
some tension (up to the maximum of 20 kg. per square 
cm.), or because it may be decided that p’ can rise 
above the value 4p*, or, alternatively, because the 
concrete has been reinforced. The latter method tends 
to be very expensive depending upon the reiative pro- 
portion of steel to concrete. Lhe steel reinforcement 
has to be designed for low working stresses (of the 
order of 5,000 Ib. per sq. in.). A gunite lining on steel 
mesh can yield to a certain extent and higher stresses 
are allowed. 

The assumption that the rock cohesion is nil will 
usually be pessimistic and furthermore the rock 
quality will improve with grouting of the cracks and 
the safety of the surrounding rock is thus improved. 
All these factors give an additional safety to the con- 
crete lining and may permit a raising of the internal 
water pressure p; however, with little or no precise 
information available on this subject, it is not possible 
to suggest a numerical value. Values of p>H have 
been successfully adopted for several tunnels, rely- 
ing on the natural rock prestressing. 

Some values of the grout pressure p’ can be given 
for the practice with sound rock. It will be seen that 
they do not agree with the recommended value of 
p’=4p. At Gondo, where the maximum internal water 
pressure is 18 kg. per square cm., the pressure shaft 
was grouted as follows:— 


Kg. per sq. cm. 
Steel-lined shaft below level 1085: 
Grouting between concrete and steel . 6 
Grouting in fissures. . . ..... 12 
Concrete-lined shaft above level 1085: 
Grouting on sections without steel linings 25 


A second series of grout holes was driven into the 
rock and grouted at a pressure of 6 kg. per square 
cm. to compress the concrete ring against the steel 
ring and to eliminate any voids between the steel lining 
and the concrete. This method proved to be successful. 

For grouting behind steel linings, some engineers 
of Eiectricité de France propose the following pro- 
cedure: 

(1) Low-pressure (5 kg. per square cm.) grout behind 
concrete for filling voids. 

(2) 15 days later, redrill the grout holes into the rock 
and grout to a pressure of p’=14 times p, the 
water pressure in the tunnel. 

(3) 15 days later still, low-pressure (5 kg.) grout be- 
hind the steel lining at low pressure to fill voids. 

Some Swiss and Italian engineers seem to agree with 
high-pressure grouting at p’=1-Sp. German engineers 

Propose p’=2p and Bernard'’ mentions grout pres- 

sures of 30 kg. per square cm. in tunnels in Morocco. 
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Fig. 20. Pressure distribution behind a concrete lining 
after grouting 


(a) Sound reck: p*<cei 
(b) Plastic rock: p*>ce1 
p* deriotes prestress pressure 
p es grout pressure 
Fel ‘a yield point of the rock 
ot, 7 denote stresses before grouting 
” after grouting 


At Mauvoisin the grouting pressure is 40 to 60 kg. 
per square cm. for the foundations of the dam. 

A rule of thumb commonly used assumes 

p=4H = p*/5 which yields p’=1-Sp=0-75H =0-3p* 

At Lovero (Italy), two injections with p’=5 to 10p 
have been used to make watertight the tunnel built in 
crystalline schists. Special arrangements were made 
to avoid the buckling of the steei lining. 

In his comments to this paper (See Proceedings 
Institution of Civil Engineers, Part II, 1955) F. L. 
Lawton, describing the Kemano Power Stations, 
states: “That the method used (Prepakt concrete) for 
placement of the concrete encasement was sound was 
demonstrated by about 1,000 cores taken after three 
weeks, most of which were located in the lower leg. 
These cores showed an absence of those voids and 
segregation which can lead to concentrations of stress 
and excess strains in the steel liner. Moreover, very 
little grout was taken in final grouting operations when 
attempting to consolidate the rock or tighten up the 
concrete at pressures up to 300 p.s.i.” 

According to data contributed by Electro-Watt 
(Ziirich), grouting of the rock of the Fionnay steel- 
lined pressure shaft to a depth of about 8 ft. (equal 
to the diameter of the shaft) and of the contact sur- 
face rock/concrete and concrete/steel lining was with 
a pressure of 284 Ib./sq. in. (=80 per cent. of the 
external hydrostatic pressure adopted for the buck- 
ling calculation). Two-thirds of this grouting is now 
finished, without any buckling. 

It is to be expected that the technique for grouting 
pressure tunnels will develop in the near future to- 
wards higher values of the grout pressure. 

(To be continued) 
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Fig. 1. General view of dam site, looking south 


Hydro Developments in Iraq 


Brief particulars are given of some of the projects 
which the Development Board of Iraq are bringing 
to fruition. 


( 

( 

RAQ is predominantly an agricultural country and_ the first part of the project, which includes the : 
in all probability will always remain so. At present construction of a protective dyke 65 km. long and : 
60 per cent. of the population is engaged in agri- the necessary excavations to form the inlet channel, : 
culture, but lack of proper irrigation and the devasta- was awarded by the Board to Balfour, Beatty & t 
tion caused by seasonal !.ooding have greatlyhampered Co. Ltd. The value of this contract was £5,962,000 
progress, and less than one-third of the land which and work was commenced early in January 1952. At 


is suitab!e for cultivation is at present bearing crops. _ the end of March 1954, 63 per cent. of the work had 


The Government of Iraq have 
been very sensible of the necessity 
to increase the area under culti- 
vation, and have entrusted the 
devising of irrigation and power 
schemes to a Development Board 
which has initiated a six-year 
programme of flood control, 
power development, irrigation and 
drainage which is estimated to 
cost over £53 million. Three major 
projects have so far been started, 
and by the courtesy of Moham- 
med Zaki Abdul Kereem we are 
able to give some account of them. 


Wadi Tharthar Project 

The purpose of the Wadi 
Tharthar project is to control the 
disastrous floods of the Tigris. 
This project involves the erection 
of a barrage across the Tigris, 
north of Samarra, which will 
raise the river levei and divert 
the excess waters through an in- 
let channel into the Wadi Thar- 
thar depression. A contract for Fig. 2. New mountain road in northern Iraq 
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bee: completed and it is expected that the whole 
contract will be finished by December 1955. 
The second part of the project, consisting of a 
barrage, provision for flood regulation and a hydro- 
electric plant, was awarded to E. D. Zublin, A.G., 
a German firm, for a sum of £4,948,100. The major 
items of the contract as finally decided comprise :-— 
(1) A dam 455 m. long with 17 spillway openings 
each 12 m. wide and 15 intake openings each 10 
m. wide, the latter being in anticipation of the 
construction of a power station which will eventu- 
ally house five 25 MW sets. 

(2) A reinforced-concrete road bridge over the dam. 

(3) A flood-discharge regulator 390 m. long with 28 
vents each 12 m. wide. 

(4) A reinforced-concrete road and rail bridge over 
the regulator. 

(5) The excavation of the approaches to the dam for 

the diverted river bed. 

Some 3 km. of earth embankment involving about 

2 million cu. m. of fill. 

Besides limiting the danger of flooding the Wadi 
Tharthar project will have the additional benefits of 
providing a storage reserve of 8,300 million cu. m. 
for future irrigation, while the raised level of water 
can be utilised to generate hydro-electric power. More 
than 1,500 Iraqis are now working on this project. 


— 


(6 


Habbaniyah 

Lake Habbaniyah, south-east of Ramadi, has been 
used to receive the potentially dangerous floodwaters 
of the Euphrates for many years past, but until 1952, 
on completion of the Warrar inlet channel, the only 
means of diverting the floodwater was to break the 
river bank at Warrar, upstream of Ramadi, thus allow- 
ing the water to flow down shallow depressions into 
the lake. These diversions, however, were not sufficient 
to cope with excessive floods, and every year con- 
siderable damage has been inflicted and, of course. 
the potential value of the water has been wasted. 


The Habbaniyah flood scheme was proposed long 
ago but many difficulties prevented its accomplishment 
—some financial, other administrative or technical. 
As developed in its final form this scheme will not 
only provide full protection against floodwaters but 
will also ensure the irrigation of vast tracts of land. 
The escape channel at Majarrah, at the south-east 
of the lake, is provided with eight gates each 6 m. 
wide and having a total designed discharge of 850 
cu. m. per sec. This escape channel is 8-20 km. long 
and involved about 3,200 cu. m. of excavation; it 
diverts the excess water to the Abu-Dibbis lake. 

A further regulation channel, the Dhibban outlet, 
was started in 1946 and involved the excavation of 
3,700,000 cu. m. of spoil. Five gate regulators are 
provided and were completed in time to supplement 
the water of the Euphrates to feed the early winter 
crops of 1950. The Warrar regulator was completed 
in 1951 and involved 5 million cu. m. of excavation. 
With the completion of this project the control of the 
Euphrates was virtually assured. The first test came 
with the floods of 1952 when it was estimated that 
the flood damage prevented that year amounted to 
£200,000 while the value of the additional crops made 
possible by operating the Dhibban Channel outlet 
amounted to some £2 million, these sums combining 
to repay the expenditure involved very rapidly. 

As a final measure of control of the river and to 
provide still additional storage water, the Ramadi 
dam was planned. The Development Board awarded 
this contract to the Societé Anonyme Hersent for a 
sum of £1,395,413. Work was started on May 13, 
1953, and is due to be completed at the end of 1955. 
This work includes a six-metre wide navigation lock 
and a fish ladder. The dam will be 209 m. long and 
will contain 24 gates, each 6 m. wide, and when com- 
pleted will raise the level of water in the Habbaniyah 
Lake from elevation 49-5 m. to 51 m., an increase 
of 14 m. 

(Continued on page 148) 





Fig. 3. General view of Ramadi barrage 
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Fig. 1. General view of Chute-a-la-Savane station 


Peribonka River Development 


The Aluminum Company of Canada Limited (ALCAN) have 

now extended their power plants on the Saguenay River in a 

northerly direction and have erected two new power plants 
on the Peribonka. 


HE latest additions to Alcan’s already extensive 

power plants on the Saguenay will not be clearly 

understood without some explanation as to what 
has already been done on this river. The Saguenay 
drains a catchment area of some 30,000 sq. miles, 
mostly covered with virgin forest. Practically all the 
headwaters of this river system drain into Lake St. 
John, 400 sq. miles in extent, which lies in a great de- 
pression in the Laurentian plateau. From this natural 
reservoir the Saguenay enters a series of rocky gorges, 
30 miles in length, in which it descends 320 ft. to 
tidewater level. The first of the power plants was 
erected at Isle Maligne, at the outlet of the lake, and 
although it has no direct place in the history of the 
Alcan development, the works installed there had the 
effect of regulating the flow from the lake and thus 
benefiting any subsequent plants erected downstream. 
Actually, the arrangements at Isle Maligne provide 
for regulating the lake elevation between minus 2 ft. 
6 in. and plus 174 ft. and the storage capacity thus 
provided is of primary importance in the production 
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of firm power. The regulated discharge is 30,000 
cusecs, while the spillways are designed to discharge 
469,000 cusecs at maximum lake level. 

The Isie Maligne station was completed in 1925 
and the Shipshaw No. | station, at Chute-a-Caron, 
was erected between 1930-32. With the construction 
of the main Shipshaw No. 2 station in 1940-42 further 
control was necessary, and aimed at providing a flow 
of 46,000 cusecs throughout the year. To achieve this 
purpose a timber crib dam was erected at the outflow 
of Lake Manouan, some 150 miles to the north of 
Lake St. John, and later, in 1943, a concrete storage 
dam was constructed at Passe Dangereuse, on the 
Peribonka river, to provide still additional storage. 
These two storages command a drainage area of 
6.525 sq. miles and of course the impounded waters, 
amounting to 6,500,000 acre feet, can be discharged 
as required. 

Such has been the growing world demand for alu- 
minium that in 1947 Alcan required a further addition 
to its power supply and it was decided that this could 
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best be obtained by constructing two plants on the 
Peribonka river, situated respectively at Chute du 
Diable and Chute-a-la-Savane. There were no com- 
petent roads to either of these sites and the existing 
highways had to be widened and strengthened, and 
in some stretches, completely rebuilt. 

As a first measure to gain access, a railway freight 
yard was laid out at Isle Maligne for handling the 
heavy consignments of plant and material, this being 
the most convenient railhead for the sites. The access 
roads were required to carry pieces of equipment 
weighing up to 50 tons and to provide for the con- 
tinuous transportation of over 100,000 tons of material 
in all weathers. A steel bridge in the neighbourhood 
of St. Coeur de Marie had to be replaced by a con- 
crete structure before some of the heavier components 
could be transported to site, and two deep ravines 
had to be culverted and embanked to level over the 
depressions. 

Power for the constructional work was obtained 
from Isle Maligne over a temporary transmission line 
erected on wooden poles. This line was installed by 
Saguenay Transmission Company and was designed 
for 26,400 V, a transformer at the site stepping down 
to 550-220-110 V for the various services. Further 
preliminaries required the removal of two feet of 
muskeg to provide accommodation for the living 
quarters, and the clearing of the dam and camp sites 
of standing timber. In view of the winter temperatures 
all the camp buildings were heated by steam, genera- 


ted in a central boiler plant and distributed through 
a system of insulated pipes. The camp finally accom- 
modated 2,000 persons, and included separate build- 
ings for waitresses and women office workers as well 
as individual houses and multiple apartment buildings 
for the married senior staff. Telephone circuits were 
brought to the job by December 19, 1950, and a tele- 
type circuit with the Montreal office was opened on 
January 19, 1951. 

At Chute du Diable, there were three channels in 
the river separated by two rocky islands. At this point 
the Peribonka river flows northward, and the con- 
struction camp and plant were located on the west 
bank. The main deep-water channel followed the east 
bank of the river. On the west side of this channel, 
there was a small rocky island with a boulder-strewn 
high-water channel adjacent to it on the west side. 
The main island occupying the centre of the valley 
was a sizable block of rock and between it and the 
west bank of the river there was a fairly wide flat 
depression which only carried water during periods 
of very high flood. This channel was heavily silted 
upstream from the site of the dam. It was the natural 
arrangement of this depression and the two water 
channels which decided the design of the dam and 
power house. In the deep east channel the regulating 
gate section has been placed; in the high-water chan- 
nel between the two islands is the power house itself, 
and in the western flood-water channel is located the 
sluice-gate section. 
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Fig. 2. Map of Saguenay district, Quebec, showing positions of the Chute-a-la-Savane and Chute du Diable 
plants in relation to the other power stations owned by the Aluminum Company of Canada Limited 
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Fig. 3 


At different times all three channels had to be closed 
by cofferdams. These consisted of wooden cribs filled 
with rock and finished with wooden sheeting on the 
upstream face. British Columbia fir timbers were em- 
ployed for all the heavy members and the rockfill 
consisted of material excavated from the river bottom. 
Because of the floodwater which had to be passed 
through the dam site at various times, cofferdams were 
necessary not only at right angles to the river flow 
but also parallel to the flow itself, in order to prevent 
the working areas downstream of the main cofferdams 
from being flooded. Downstream cofferdams were also 
necessary to prevent resurgence into the working area. 
The cribwork upstream from the sluice section was 
located on a ridge of rock which shelved off extremely 
rapidly in an upstream direction, but sufficient space 
was found to locate the cofferdam between the up- 
stream face of the concrete dam and this sharp drop 
in the rock. When it became necessary to close the 
deep and relatively narrow channel along the east 
bank the flow was approximately 25,000 cusecs. It 
would have been difficult to hold the cribs in place 
in this turbulent current, and to reduce the speed of 
flow two large concrete pillars were built immediately 
downstream of the site chosen for the cofferdam. 
These pillars were erected opposite each other on 
either bank, and were carried on concrete supports 
which were subsequently blasted out, allowing the 
mass to fall into the channel. The resulting blockage 


View of Chute du Diable installation showing removable covers over generating sets 


was very effective, the flow being diverted into the 
central channel and so allowing the timber cribs to 
be built in comparatively still water. Although the 
channel was 65 ft. deep, the cofferdam was closed as 
a routine matter without difficulty. Later, of course. 
the concrete blocks had to be removed but the whole 
operation was highly successful. 

A curious mishap occurred with one of the coffer- 
dams and affords an interesting example of the utterly 
unforeseeable circumstances with which engineers are 
sometimes confronted. Immediately downstream from 
the site of the draught tubes the tailrace was at one 
time being used as a yard for the storage and assembly 
of the turbine parts. The extreme downstream part 
of the tailrace was closed by a cofferdam so located 
that a small amount of rock excavation had to be 
carried out beneath it. In view of this circumsiance 
it was considered advisable to construct another 
cofferdam at a narrow part of the tailrace closer to 
the power house, and this work was carried out with 
every care. As this later cofferdam was constructed 
completely in the dry, it was possible—so it was 
thought-—to seal it most effectively into the rock bot- 
tom and sides of the tailrace, and the adjacent rock 
was pressure grouted as an additional precaution. At 


the appropriate time the cofferdam downstream was 
blown out and the supplementary cofferdam required 
to keep back the water. Flood conditions gradually 
developed in the river during the following ten «ays, 
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and as the water rose against the downstream face 
leakage began to develop under this cofferdam, 
spreading along the whole base of the cribwork. 
Within four hours the tailrace was flooded completely 
almost up to the horizontal centreline of the scroll 
cases of the five turbines. It was some days before a 
satisfactory reason for this flooding could be deter- 
mined, although a diver had been employed to report 
on the foundations. Excavation in this area had been 
carried on by the use of quarry masters and fairly 
heavy charges of blasting powder. The bottom of the 
tailrace had been excavated to a uniform level and 
this rock had been cleaned very thoroughly before the 
cofferdam was constructed on it. Apparently, how- 
ever. there were pockets of shattered rock under some 
of the quarry master holes and this rock had been so 
tightly frozen in place as to appear perfectly sound 
under the usual methods of examination; nor did it 
absorb any grout. In the ten days during which the 
warmer river water was rising slowly against the 
downstream face of the cofferdam, however, it gradu- 
ally thawed out. Eventually, under a head of 30 ft. 
water forced its way through the shattered rock, wash- 
ing it out and leaving considerable gaps underneath 
the timber. Once the nature of the defect was ascer- 
tained the holes were easily sealed and the tailrace 
pumped dry again. This caused a week’s delay and, 
of course, some material damage was done. Cleaning 
up the submerged equipment cost about $25,000 but 
making the cofferdam tight and replacing ballast 
brought up the total cost of this accident to the neigh- 
bourhood of $80,000. 

The majority of the rock excavation work followed 
a routine course and was without incident. Quarry 


master type drills were used wherever possible, result- 
ing in fairly heavy blasting. Power shovels loaded the 
rock into Euclid trucks which carried the material 
to the crushing plant for use as concrete aggregate, 
or dumped it downstream in a deep hole in the river 
bottom. In those areas in which concrete was to be 
poured, lighter equipment was used for drilling, the 
holes being placed close together along the vertical 
planes adjacent to the concrete structures. In spite of 
this cautious approach, the rock shattered badly in 
some areas and was considerably more interlaced by 
fractures than the diamond drilling had indicated. 
These fine fractures proved particularly troublesome 
on the west side of the sluiceway and in the power 
house and intake area, where greater quantities of 
unsound rock had to be removed than was anticipated 
in the estimates. 

Pressure grouting was injected through diamond 
drill holes along the entire length of the dam, forming 
a continuous curtain under the upstream face. The 
depth and thickness of this curtain were determined 
by the rock conditions encountered: in any area where 
the rock absorbed grout, supplementary holes were 
drilled until there was sure evidence that the rock was 
tight. In the finished job there is a total absence of 
leakage—the best of all tributes to the thoroughness 
with which this work was done. The subcontractor 
for the excavation work was C. A. Pitts (Quebec) 
Limited. 


Concrete Aggregates 

The area immediately south of Chute du Diable 
is a flat, sandy plain from which it was fully expected 
that a satisfactory fine aggregate would be obtained 





Fig. 4. General view of Chute du Diable dam and power station 
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in any quantity. Test pits were 
sunk at various localities and 
the sand carefully examined. 
Grading as to size was not 
particularly good but by careful 
control of fine sand admixture 
it was thought that a satisfac- 
tory fine aggregate would be ob- 
tained. Concrete containing 4 per 
per cent. entrained air was speci- 
fied and laboratory work was car- 
ried out to determine the most 
suitable air entraining agent. The 
laboratory results were decidedly 
erratic, however, and it soon be- 
came apparent that the samples 
being tested were giving most un- 
usual results. Prolonged investi- 
gation showed that the sand con- 
tained entrapped air which was 
not only unstable in itself but 
acted in a most erratic manner 
which could not be attributed 
completely to the conditions un- 
der which the sand was handled. 
In any one deposit the entrapped 
air might behave in accordance 
with the depth from which the 
sand was obtained, the length of time the sand had 
been exposed to the air in a stockpile, and the depth 
of the sand in the pile; but the action of the entrapped 
air might also be very different if the sand was ob- 
tained from another deposit not far distant. 

A widespread survey was thus conducted with the 
object of finding a sand which would not contain this 
entrapped air. This survey resulted in information 
being obtained from a large number of sand deposits 
scattered throughout the countryside as far away as 
Arvida, but all were found to contain entrapped air 
to some extent. Finally, a deposit was found some 
four miles from the job, containing a sufficient quan- 
tity of clean sand with reasonable grading, and this 
was blended with a finer grading of sand obtained 
from St. Monique. Laboratory work was still neces- 
sary, however, to find some method of eliminating 
the unstable entrapped air. The first concrete poured 
in the permanent dam structure contained Darex as 
an air entraining agent and 2-ethyl hexanol as a de- 
foaming agent to eliminate the unstable air. This com- 
bination gave perfectly satisfactory results, but the 
control had to be absolutely exact as any variation in 
the dispensing operation resulted in marked fluctua- 
tions in the final air content of the concrete. Further 
laboratory and field experiment resulted in the use 
of Pozzolith, and a defoaming agent manufactured 
by Master Builders Limited, which proved quite effec- 
tive in securing the desired amount of air entrainment 
with reasonable ease of control. The two admixtures 
were fed into the concrete mixer simultaneously and 
appeared to work quite independently in eliminating 
the unstable entrapped air and adding the more stable 
entrained air. Excess quantities of the defoaming agent 
did not affect the percentage of entrained air secured 
by the addition of Pozzolith. Automatic dispensers 
fed these admixtures into the batches loaded into the 
concrete mixers. 

Throughout the job the sand continued to behave 
in this peculiar way and continuous control was neces- 
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Fig. 5. Chute du Diable looking west from regulating section, pier No. 3, 
at hoisting bridge for log chute gate; left, 60 ton gantry crane; centre, 
headgate No. 5 behind Dominion Bridge crane 


sary to ensure that the quantities of entrapped air 
were kept constant. 

The coarse aggregate consisted of rock obtained 
from the dam excavation which was reduced first in 
a primary jaw crusher and then in secondary cone 
crushers before passing to the screening plant. Speci- 
fications called for four sizes of coarse aggregate : 
} in. to } in., } in. to 14 in., 14 in. to 3 in., 3 in. to 6 in., 
this specification later being modified to limit the 
maximum size to 44 in. Minus } in. material was used 
as a road dressing in the camp and on the main high- 
way leading to the job. 

During the early operations at the dam site only 
small quantities of excavated rock were obtained, and 
this surface rock was fairly badly weathered. As a 
result, screened and crushed gravel was hauled to the 
job from Honfleur—a distance of some twelve miles. 
The quality of this aggregate was quite satisfactory 
but the volume was somewhat less than the job de- 
manded so that material was secured from two dif- 
ferent pits. 

All the cement was obtained from the Montreal 
East plant of Canada Cement Co. Ltd., and was 
shipped and handled in bulk except for small quan- 
tities which were bagged during the early period of 
construction work and the second spring break-up 
period. Unloading of the cars at the railhead at Isle 
Maligne was carried out by Fuller-Kinyon pumps, or 
through a track side hopper, in conjunction with a 
screw conveyor and bucket elevator arranged for 
loading the cement silos. From the silos the cement 
was loaded by gravity into cement tank trucks. 


Concrete Constructional Work 

The first concrete was poured in the permanent 
dam on May 28, 1951; it was mixed in a dry batching 
plant and loaded into transit mixers where the water 
was added. This batching and delivery system was 
used at various times during the life of the work when 
additional capacity was required for some large pour 
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or when concrete was to be placed at a high rate. 
The main plant consisted of two concrete mixers of 
4 cu. yards capacity each. These units discharged into 
a Blaw-Knox bucket of 8 cu. yards capacity which 
could be taken to practically any point on the dam 
by a travel-lift cableway of 25 tons capacity. The great 
majority of concrete was placed in this way, but 
during the peak pouring period, January-February 
1952, the rate of placing was augmented by Pump- 
crete machines, fed by the transit mixers, and by using 
the transit mixers to dump through hoppers into 
the forms at the more remote points in the dam. The 
cableway could place slightly more than 100 cu. yards 
per hour, the maximum pour during any month being 
60,000 cu. yards. All this concrete was vibrated in 
place, using large pneumatic vibrators or small electric 
units. During normal placing operations at the rate of 
100 cu. yards per hour, two large vibrators and two 
small ones were employed. 

The cableway consisted of a 3} in. dia. track cable 
some 2,069 ft. long, suspended between a moving head 
tower 163 ft. high and a fixed tail tower 220 ft. high, 
with the usual operating cables. It could deposit con- 
crete in practically every part of the dam and power 
house, and was also capable of carrying the reinforc- 
ing steel and form panels to the work site. Later it was 
employed to deliver the turbine and generator parts 
to the power house. 

Every step in the production and placing of the 


concrete was controlled carefully by a group of in- 
spectors who were assisted by a special laboratory 
set up at the job. The search for fine aggregate was 
carefully supervised, and the operations of the batch- 
ing plant and the concrete mixing plant were under 
constant and continual supervision by the inspection 
staff. Furthermore an inspector was always on duty 
in the forms at each point where the concrete was 
being placed. The concrete control laboratory carried 
out tests on a 24-hour basis to provide accurate in- 
formation on all aspects of the concrete work. 


Frost Precautions 

The majority of the concrete at Chute du Diable 
was poured under winter conditions when protection 
against frost was essential. The degree of frost deter- 
mined whether heat should be applied to the mixing 
water only, to the mixing water and sand, or to the 
sand and coarse aggregate. In every instance, the 
forms and old concrete had to be heated above 40°, 
and all frozen material removed. For bulk pours, it 
was considered satisfactory if the concrete reached 
the forms at 40°F, and the heat of freshly-placed 
concrete did not rise above 70°F. The pouring place 
in the forms was kept warm by steam unit heaters, 
canopies being provided and the heat maintained for 
at least 72 hours after the pour was completed. These 
canopies consisted of light wooden trusses supporting 
a plywood cover, forming a covering section some 





Fig. 6. View looking north-west, Chute du Diable station, showing log chute 
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12 ft. wide and 50 ft. span. They were light in weight, 
and were supported on rails on which they could be 
skidded along. During a pour, the covering could be 
opened over a width just sufficient to pass the 8 cu. 
yard buckets from the cableway. Thermocouples were 
embedded in various sections of the dam for control 
purposes. 

Concrete was poured in 6 ft. lifts throughout the 
major portion of the dam. In certain narrow walls of 
the power house and in some comparatively narrow 
sections in the bypass section, the lifts were extended 
to 12 ft. and even to 14 ft. on occasions. As there 
were sufficient exposed surfaces in these narrow sec- 
tions the heat of hydration was dissipated quite 
satisfactorily. The top surface of each pour was de- 
liberately sloped | ft. towards the upstream face of 
the dam. The construction joints between lifts were 
thoroughly cleaned to expose the uppor portion of the 
coarse aggregate, this being accomplished by an air- 
water jet which washed out any laitance, together 
with a small depth of the mortar from the surface of 
the pour. This operation took place at the time the 
concrete was taking its initial set. 


Design Details 

The design of the various structures forming part 
of the concrete dam and power house largely followed 
conventional practice. The dam is fundamentally of 
the gravity type with the usual access tunnel running 
along the entire length. For operating purposes, gates 
have been installed in various places so that there is 
a comparatively long sluiceway section, a compara- 
tively short log chute section, and a bypass and regu- 
lating gate section. 

The chief departure from design and construction 
is in the power house itself, in which the usual super- 
structure has been omitted. This is the first so-called 
outdoor power house to be constructed in Canada, al- 
though there are a number of examples in the southern 
states and in Europe. In an ordinary way, the genera- 
tors are installed with perhaps half the machine stand- 
ing above the operating floor. In the two under con- 
sideration the roof level of the permanent structure is 
approximately level with the top of the generator. 
This roof consists of a substantially built concrete 
deck with hatch openings over each generator. The 
entire structure around the generator consists of rein- 
forced concrete walls, and the concrete foundations 
which surround the turbines may be said to be ex- 
tended upward to surround the generator also. The 
hatches over the generators are covered with re- 
movable aluminium frames which are so constructed 
as to form a weather-tight joint with the concrete. 
This involves no change in the structure around the 
turbines, nor any modification of the normal struc- 
ture around the lower part of the generators. The 
difference lies in the fact that the concrete portion 
is extended only to the top of the generators, and all 
the structural work terminates there. Access to the 
generators is gained from galleries at several levels, 
and all normal maintenance work can be carried out 
from these galleries. Practically any work, short of the 
entire rotor having to come out, can be done on the 
generators without the removal of the aluminium 
cover. 

A 250-ton capacity gantry crane, which traverses 
the full length of the power house, runs on rails raised 
slightly above the concrete deck over the generators, 
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and is completely enclosed in its own covering struc- 
ture. If it is necessary to remove a rotor, or do any 
other major work on the generator or turbine, Lie 
gantry crane is spotted immediately over the centre- 
line, the aluminium hatch cover is removed, and by 
means of removable flaps the gantry crane is made 
weathertight with the concrete deck. The rotor can 
then be removed or any other major work carried out. 

At the end of the power house, there is a large re- 
pair bay to which access is gained by galleries on 
both the generator and turbine floor levels and also 
by a large hatch in the uppermost concrete deck. The 
rotor or other heavy pieces from any machine can be 
picked up by the large gantry crane, carried along the 
deck, and lowered into the repair bay. The hatch 
cover over the repair bay splits down the centre; at 
Diable the cover over the Westinghouse machines 
can be picked up in sections by the gantry crane, while 
at Savanne the cover over the Canadian General 
Electric generators rolls away in two halves mounted 
on rails. It should be understood, however, that it 
is only necessary to open these hatch covers when 
major equipment has to be removed, as all minor re- 
pairs and ordinary maintenance can be effected from 
the galleries around the machines. 

The walls of the gantry crane are sheeted with alu- 
minium inside and outside, and the structure is suf- 
ficiently weatherproof to enable it to be sealed against 
the concrete deck, providing a warm enclosure inside 
which major work can be carried out. Contact with 
the concrete deck is made by eight flaps, equipped 
with limit switches, so that the crane itself cannot 
be moved so long as a flap is down. To make doubly 
sure, the control cab is equipped with indicators by 
which the operator can be certain that the limit 
switches are working. Ample provision is made for 
both natural and artificial lighting points. 

The 250-ton capacity crane will handle all the 
components of the turbine and generator, and also 
the transformers which are located on the upstream 
side of the power house. Two doors on opposite sides 
of the structure have sufficient clearance to avoid 
contact with the generator covers, and on the side 
facing the transformers is a further door with sufficient 
headroom for any transformer to be run out on its 
own wheels and placed under the crane. The crane 
structure is also equipped with a small jib which can 
be run out on the downstream side to project out over 
the draught-tube exit and handle the gates and stop 
logs. 

The chute for handling the large quantities of pulp 
logs floated down the stream is designed on new lines. 
The chute entrance consists of a depressed gate 10 ft. 
in height and is quite normal apart from its excep- 
tional width, which provides a clear opening of 40 ft. 
It is well aerated by slots on the downstream side, 
and narrows rapidly from 40 ft. width to 10 ft. at the 
lower parallel sided portion. In consequence a sharp 
angle of flare is obtained, and this flaring section is in 
straight lines and is not curved as previously required. 
The design was established by model tests conducted 
in the laboratories of the National Research Council, 
Ottawa, under the direction of the consulting 
engineers. and not only assures an exceptionally 
smooth flow of water but also avoids bumping. as 
the logs are held in midstream through the curious 
twist given to the water at the entry to the narrow 
portion. 
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The sluice gates are 50 ft. wide and 31 ft. 6 in. 
deep, these dimensions duplicating those of several 
previous installations on the St. Maurice River. Metal 
splash boards 18 in. deep have been added to the top 
of these gates to prevent any water from being spilled 
over by wave action. The usual concrete aprons have 
been constructed downstream from the sluice gates, 
each apron terminating in a concrete lip sloping up- 
ward at 14 deg. This lip results in the dissipation of 
energy from flood water and also protects the bed- 
rock immediately adjacent to the end of the apron. 
The design was originally used at Trenche and has 
proved to be very satisfactory in service there. It was 
established by model tests. The intake structure is 
also based on a design adopted at Trenche. The trash 
rack provides for a gross velocity of 2.5 ft. per sec., 
the four racks being supported by three intermediate 
structural steel piers in the shape of tear drops. The 
trash racks are designed for 100 per cent. blockage, 
and-at Diable were at one time filled in with wooden 
spacers between the bars so that they could be used 
as gates immediately after the dam closure. The base 
of the structural steel pier is anchored by eight bolts, 
which were stressed after the pier was placed. Each 
intake is controlled by a single gate 22 ft. wide and 
30 ft. high capable of passing 5,400 cusecs. 

The head block gantry crane has been designed 
with a commendably attractive appearance, and also 
incorporates an original answer to the stability ques- 
tion involved in the long overhang on the upstream 
side of the dam. The intake is so constructed that the 
trash racks form four sections of a bay which extends 
upstream beyond the normal straight face of the head 
block. The head block gantry crane is required to 
raise and lower the trash racks, and also to lower 
emergency gates in their place if any one intake is 
to be dried out. As a result it is necessary for the 
gantry crane to project upstream more than usual. To 
achieve this the 60-ton capacity hoist is fixed in posi- 
tion over the downstream legs of the gantry crane. 
The moving trolley carries sheaves 
and spots the cables where they 
are required, thus ensuring a satis- 
factory and perfectly stable opera- 
tion without adding any addi- 
tional gross weight to the crane. 

The gates and associated parts 
were designed in outline by 
the consulting engineers, the 
Shawinigan Engineering Co. Ltd., 
the shop drawings and fabrica- 
tion being the responsibility of the 
Dominion Bridge Co. Ltd. This 
latter company also carried out 
all the erection work at Diable 
and the majority of the erection 
work at Savane. 

The gate guides are of two dis- 
tinct types. Those for the closure 
gates on both jobs are supported 
by structural steel towers, which, 
together with the guides, were 
accurately positioned and held 
firmly in place while the concrete. 
was poured around them. No 
grouting was subsequently re- 
quired. The guides for the regu- 
lating gates are of the conven- 
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tional type requiring anchor bolts embedded in the 
concrete; they were lined up after the concrete was 
poured and then grouted in place. 


Power Units 

Five Francis-type turbines are installed at Diable, 
rated at 55,000 h.p. each, and operate on a head of 
110 ft. at 105-9 r.p.m.; they were manufactured by 
Canadian Allis-Chalmers Limited. The corresponding 
generators are rated at 53,500 kVA, 105-9 r.p.m., 60 
cycle, 13,800 V, with 70 per cent. power factor, and 
were manufactured by the Canadian Westinghouse 
Company, Limited. To save time and to secure more 
favourable working conditions, the generator stators 
were assembled and wound in quarter sections in the 
Isle Maligne power house and then transported to 
Chute du Diable as required. 

Power is generated at 13-8 kV and is transmitted at 
161 kV. To achieve this, the current from each 
generator is passed through three single-phase trans- 
formers each having a capacity of 20,000 kVA form- 
ing a bank of 60,000 kVA capacity. At Diable the 
transformers were of Canadian General Electric 
manufacture, while those at Savane were made by the 
English Electric Co. Ltd. The disconnect switches 
consist of Brown Boveri air breakers on the high-ten- 
sion side, the outgoing bus being so split as to carry 
three transformers on one section and two on the 
other. There is a double-circuit transmission line from 
Chute du Diable to Isle Maligne, and it is proposed 
that one line shall carry the current from three 
generators and the other the current from the remain- 
ing two generators when the plant is operating at full 
capacity. Power for station service is tapped off 
generators i and 5. There is no switching station at 
Chute du Diable as the power is fed direct to the 
switching station at Isle Maligne. 

At Chute Savane the installation in the power house 
itself is exactly similar, but the outgoing lines feed 
into a switching station which can distribute the cur- 





Fig. 7. Chute-a-la-Savane, view of downstream piping tunnel at floor 
elevation 280 
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rent either to Dolbeau or to Isle Maligne. An old 
power line, which formerly drew power from Isle 
Maligne to serve a paper mill at Dolbeau, has been re- 
built and routed through the switching station at 
Chute-a-la-Savane. This is also a double-circuit line. 
The electrical work at both jobs was done by Cana- 
dian Comstock Limited and the transmission lines 
installation and alterations by Canadian Hoosier 
Limited. 

Communication is maintained between the power 
houses at Shipshaw, Isle Maligne, Chute du Diable 
Chute-a-la-Savane by means of a micro-wave system, 
which is fundamentally a radio telephone employing 
very high frequency current. All operations are 
carried out subject to instructions emanating from 
Isle Maligne. The micro-wave communication system, 
which can be attached to Bell Telephone circuits, was 
supplied and installed by Canadian Marconi Co. 
Ltd. 


Savane 

Savane was virtually an extension of the work at 
Diable in that it involved almost exactly the same 
problems. Both dams contain the same component 
parts or sections. For instance, the sluice gates are 
exact duplicates in each case and are arranged in 
exactly the same manner. The bypass and regulating 
sections are the same, and the intakes also contain 
duplicate equipment. The power houses each contain 
five generating units which differ only in minor manu- 
facturing details. 

The road to Savane follows the Chute du Diable 
route to within about one mile of Chute du Diable 
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Fig. 8. Control room, Chute-a-la-Savane 





and then branches off towards Savane. This branch 
involved the construction of an entirely new track 
for several miles across a flat sandy plain and the 
improvement and rerouting of existing country roads 
for approximately four miles. 

Operations at the site were begun in May 1951, the 
Pentagon Construction Co. Ltd. having been engaged 
as general contractor. Preliminary work consisted of 
the usual routine to get the site cleared, the camps 
constructed and the cofferdams erected. Power was 
obtained by an extension of the line connecting Isle 
Maligne to Diable, and telephone and teletype cir- 
cuits were installed. The town site eventually housed 
1.710 persons with the usual accommodation for 
women office employees, waitresses and married 
senior staff. 

The rock, a massive hornblende schist, did not 
fracture to the same extent as at Diable and excava- 
tion was carried out with ordinary percussive drills. 

The major part of the concrete was placed by 
Pumpcrete machines. although four-yard buckets were 
also used to some extent, carried on flat trailers and 
swung into the pouring areas by stiffleg derricks, 
mobile cranes, and a large revolving crane. This crane 
was supported on a structural steel tower 54 ft. high 
and ran on rails mounted on plate girders erected 
parallel to the face of the dam and immediately above 
the upstream face of the power house. From this 
position the 125 ft. boom could service all the power- 
house area. It revolved through 360 deg. and was 
able to lift 20 tons at 75 ft. radius. The power house 
was constructed in sequence from east to west, and 
the crane gradually moved westward and picked up 
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its own girders from the east side to install them 
toward the west. 

‘he dams differ only in that the topography of the 
ground was such that the similar sections were 
arranged in different sequence. At Chute du Diable 
the approach is from the west bank across a concrete 
wing wall to the sluice section bridges, proceeding 
over a concrete retaining wall crossing the centre 
island, then across the head block, over the log chute 
and regulating gate section (which served as the tem- 
porary bypass for final closure during construction) 
and out to the east wing wall which runs into a fairly 
high rocky bank. At Chute-a-la-Savane the approach 
is from the east bank, at which the ground consists of 
a long gentle slope carrying an earth wing wall over 
1,000 ft. long and then a concrete wing wall 1,160 
ft. long which abuts against the head block. On the 
west end of the head block is the log chute and 
regulating gate section in exactly the same relative 
location as at Chute du Diable, but west of this is 
a short concrete abutment which climbs the old river 
bank to the sluice section. The sluice section is on 
the west bank, and from its west end a long wing wall 
is extended until it merges into the top of a low hill. 
In each case, the power house is directly below the 
head block. Because of the topography separate draw- 
ings had to be prepared for the excavation and con- 
crete work for each dam, but the cross sections of 
the retaining walls are exactly the same and the details 
of the intakes and piers around the gates are almost 
exact duplicates. 

The wing wall extending from the east end of the 
power house is carried through an earth deposit which 
in places is over 100 ft. thick above the bedrock. 
Fairly extensive geophysical exploration work was 
carried out in this area with particular reference to 
ground conditions on the downstream slope, as the 
earth filling would necessarily be subjected to pressure 
with the dam at operating level. Following consulta- 
tions with Dr. A. Casegrande of Boston and Dr. 
Jacque Hurtubise of Ecole Polytechnique, it was 
decided that a fully consolidated clay embankment 


Yugoslav Developments 


Should the project outlined in the report issued 
by the Economic Commission for Europe on Febru- 
ary 25 be brought into being, Yugoslavia would be in 
@ position to make a very substantial contribution to 
the interchange of electric energy with Western 
Europe. The scheme involves the construction of four 
new hydro-electric plants at Cetina, Lika Gacka, 
Idrika and Trebinjica and the enlargement of the 
Perucica power station, east of Dubrovnik, together 
with an extensive network of 380 and 220-kW trans- 
mission lines interconnecting with the Italian system 
at Scorze, and with the Austrian and West German 
grid via Ybbs-Persenberg. The scope of the scheme is 
best illustrated by its estimated output, which is to ex- 
ceed a third of the total requirements of such a densely 
electrified country as Switzerland. The project would 
especially benefit Austria, enabling her, as it would, 
to balance her imports of winter energy by exports of 
summer energy to Yugoslavia. The cost of the whole 
Scheme is assessed at over $400m, and the report 
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should be built through this hillside and that a light 
steel pile cut-off curtain should be provided to dis- 
courage infiltration. 

The five turbines which, like those at Diable, are 
rated at 57,000 h.p., under 110 ft. head and 105-9 
r.p.m., were in this case manufactured by the Domin- 
ion Engineering Works Limited. The five generators 
are rated at 53,500 kVA with 0-7 power factor lag- 
ging. The penstocks were supplied and installed by 
Horton Steel Works Limited. 

In the switching station an all-aluminium construc- 
tion has been adopted, including the towers which 
are 125 ft. high. The design follows structural steel 
practice, experience having shown that this can be 
followed both in regard to shop fabrication and field 
erection. The necessary aluminium was supplied by 
Alcan and fabricated by the Montreal Architectural 
Iron Works. 
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suggests it would be difficult to finance a development 
of this magnitude without the co-operation of the 
International Bank for Reconstruction and Develop- 
ment or some other United Nations organisation. 


G.E.C. Atomic Energy Plans. The General Electric 
Co. Ltd. of England announces that Mr. R. N. Millar, 
lately Chief Mechanical Engineer to The British 
General Electric Co. (Pty.) Ltd., Australia, has been 
appointed to take charge of its newly formed Indus- 
trial Atomic Energy Section. The new organisation is 
located at the company’s Erith works and will develop 
plant for the generation of electric power from atomic 
energy. It is the intention of the company to provide 
most of the equipment for atomic power stations from 
within its own manufacturing organisation. 

Aluminium Wire & Cable Co. Ltd. have been 
awarded a contract for over 250 miles of steel-cored 
aluminium conductor to an appropriate value of 
£114,000 sterling for the new 220 kV electrical grid 
system in Tasmania. 
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The Variability of Rocks 


This subject is discussed in relation to civil-engineering 

problems by J. E. RICHEY, M.C., B.A., B.A.I., Sc.D., 

F.R.S. (L. and E.), F.S.E., F.G.S., Consulting Geologist, 
Edinburgh. 


HE characteristics of a rock to which the civil 

engineer pays importance are different from those 

which are given precedence by the geologist. The 
engineer might classify all the mineral materials he 
has to deal with according to whether they are rock 
or soil, hard or soft, strong or weak under stress, 
permeable or impermeable to water, porous or non- 
porous, durable or not durable when exposed to the 
weather; but for the geologist, the mineral composi- 
tion, grain size, and also the arrangement of the com- 
ponent grains are the main points of significance in 
considering any rock. The geologist and engineer can 
at least agree, however, on the geologist’s subdivision 
of all rocks into the three great classes—sedimentary, 
igneous and metamorphic, so contrasted, from which- 
ever point of view, are these three groupings. Indeed, 
the engineer is usually willing to travel with the geo- 
logist even further, and to adopt the more common 
rock-names which the geologist uses. 

The four main kinds of sedimentary rock, argil- 
laceous, arenaceous. rudaceous and calcareous, are 
subject to much variation in their physical properties, 
and only general rules can be stated as regards their 
capacities as foundation rocks for dams and other 
engineering undertakings. Rocks bearing the same 
name may differ fundamentally in their qualities. For 
example, the rudaceous type, conglomerate, is often 
a massive rock with poorly defined bedding and sparse 
joints, of great strength and with low permeability. 
Yet there could hardly have been a more inadequate 
foundation material than the soft, weak, undurable, 
argillaceous gypsiferous conglomerate at the St. Francis 
dam site in California. In contrast, specific rock-names 
given to igneous and metamorphic rocks are mostly 
of significance as implying specific physical properties. 
Granite and mica-schist, for example, are rocks with 
well defined attributes. 

Two main sets of geological circumstances are 
responsible for the variety of composition, texture and 
solidity encountered in strata, and for the way in 
which the bedding is disposed. These are the con- 
ditions pertaining to the actual method of bed deposi- 
tion and to the subsequent events in earth history in 
which the deposits were involved. To a geologist, the 
piecing together of the whole story constitutes the 
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ultimate object he has in view, but an engineer is con- 
cerned only with the local denouement. Strata are 
just one of his many problems, although the one least 
amenable to precise specification and control. In, say, 
a dam foundation, his object is so to locate his rock 
materials, or to modify them by artificial treatment, 
that they form, as it were, part of the structure he 
either erects upon them or abuts against them. 

From his experience at other sites an engineer is 
often more capable than a geologist of summing-up 
a situation as it concerns his own immediate require- 
ments, and very little geological knowledge may be 
necessary. But knowledge certainly has an influence 
and sometimes prevents misunderstandings. At a cer- 
tain excavation, a thinly bedded rock with numerous 
cross-joints was highly inclined, and although its 
structural defects were appreciated by the engineer, 
he supposed that the strata would flatten out in depth 
(there were flat-lying beds in the vicinity) and so pro- 
vide more suitable foundations in the base of the 
dam. The high dip, however, was a regional feature 
of the strata present at the site itself; they formed part 
of an ancient mountain range where laterally directed 
crustal pressures had imposed high dips upon the 
rocks. However deeply the excavation were taken, 
therefore, there was no chance of encountering flat 
beds. The strata were, in fact, isoclinally folded, with 
the beds bent back abruptly upon themselves (Fig. 1). 
The adjacent flat-lying beds belonged to a later series 
laid down after the ancient mountains had been 
reduced to a plain by denudation. Where the junction 
of the two series was exposed, the younger beds rested 
flatly upon the upturned edges of the older strata. 
Their dividing plane was, in fact, an unconformity, 
the surface of a “buried world” (Fig. 2). 

The geological ages of rocks are not directly of 
concern to an engineer, but occasionally knowledge 
of them may be of high practical value. The older the 
formation, the more likely are the strata composing it 
to possess strength and durability. A Silurian shale de- 
posited 350 million years ago may be expected to be 
stronger than shale belonging to the Tertiary period. 
deposited, say, 35 million years ago. As with most 
matters concerning rocks, there are exceptions to the 
rule. For example, a shale of Silurian age may be well 
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Fig. 1. Isoclinally folded strata of Ordovician and Silurian age in Southern Uplands of Scotland, north-east of 
Moffat. The strata consist of greywackes and shales (black) and were involved in the folding of the Caledonian 
Mountain Chain 
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Fig. 2. Site of a “buried world’; New Red Sandstone (Trias) rests unconformably across the eroded edges 
of much older strata, belonging to the Caledonian mountain range, western coast of Isle of Mull, Scotland 


consolidated in Britain, but in Russia may be only 
slightly different from the original muddy sediment. 
The contrast is largely dependent on the history of 
the two regions; the British strata were involved in 
folding movements which formed mountains—the 
Caledonian range—while those in Russia lie in a 
region where no great crustal disturbances have oc- 
curred since Lower Palaeozoic times. 

Knowledge of the ancient environment in which 
strata were formed may often give assurance to an 
engineer or lead him to deductions of practical value 
to him. Sandstone, for example, is often interbedded 
with shale, which is an impermeable though weaker 
rock. Yet there are environments such as deserts 
where sand alone is deposited. A sandstone of such a 
continental origin often continues in depth with few or 
no intercalations of shale. Again, in many marine 
formations there is a recurring relationship in the 
order in which limestone, shale and sandstone occur. 

The main environments of deposition of sediments 
are: (1) continental, in lakes, along flood-plains and 
inland basins, and in deserts; (2) deltaic and coastal 
waters; (3) open sea. A fourth environment is the 
Ocean, but no deposits of oceanic floors are known 
to have been upheaved to form land. Strata belonging 
to any one of the three environments often occur over 
great tracts of country, hundreds of miles in width. 
As examples the Old Red Sandstone, a continental 
formation, extends discontinuously from a sea which 
at that time covered the south of England, northwards 
to Shetland; British Jurassic strata belong mainly to 
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coastal seas and in part to deltaic waters which spread 
over much of the region from Brora in eastern Suther- 
land to the English Channel and beyond; Silurian 
rocks of the open-sea type are found from the Welsh 
Borderland northwards towards the Scottish High- 
lands. 

Rapid variations in composition are characteristic 
of a succession of strata laid down in coastal waters. 
These variations are much less marked in the case of 
the other two environments. A sequence of beds 
especially typical of the Lower Carboniferous succes- 
sion in the North of England is instructive, as an 
example. of a minor cycle of sedimentation which is 
repeated many times in the whole series. The sequence, 
from below upwards, consists of (1) limestone, (2) 
shale, (3) sandstone, (4) clay with rootlets or fireclay, 
(5) seam of coal. The deposition of this sequence was 
initiated by a down-warping of the sea floor, and was 
completed when the area became silted up and 
covered with the peat which accumulated from the 
remains of plants and trees and ultimately formed 
coal seams. Renewal of the subsidence ushered in a 
fresh cycle, with clear water spreading over the coal- 
forming swamps in which the hard calcareous parts 
of marine animals, such as shells, accumulated to form 
another limestone. Farther inshore, mud and sand 
were deposited in contiguous belts, forming shale and 
sandstone (Fig. 3). This silting process affected the 
inshore deposits first, so that sand was deposited 
farther out from the original shore above the mud, 
while the mud was carried in suspension still farther 
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Fig. 3. Diagram showing, in section, different belts of sediment off a coast 


out and deposited on top of the calcareous accumu- 
lations. As the silting continued the whole expanse 
of sea floor where limestone originated became 
covered by detritus, forming shales, first overlain by 
sandstone and finally by fireclay and coal. 

The belts of sediment are not exclusive. For 
example, where sand is the dominant deposit, layers 
of mud are laid down at intervals. This explains the 
frequent alternation and intercalation of shales with 
sandstone and of shales with limestone, and also the 
general absence of intercalations of sandstone with 
limestone. These rules are applicable with few excep- 
tions to all formations of marine origin. A second 
point is that one or more of the five members of the 
Lower Carboniferous cycle may be absent. Either the 
lower or upper part of a sequence, or both, may be 
curtailed. Limestone may not occur because the 
amount of subsidence was insufficient to remove the 
particular area concerned beyond the reach of land- 
derived detritus. This condition is characteristic 
especially of the Coal Measures (Fig. 4). The upper 
part of a sequence may be absent owing to the renewal 
of the subsidence before silting-up was completed. 

A number of dams have been constructed upon 
alternations of Carboniferous sandstone and shale in 
the North of England (Fig. 5). Engineers are well 
aware of the fact that when shale is encountered at 
the surface, sandstone will probably lie underneath, 
at slight depth, and add strength to the foundations. 


An environment of the same geological period. but 
resulting from conditions farther out to sea, is illus- 
trated at a dam site in N.W. Ireland, at Cathaleen’s 
Falls near Ballyshannon (Fig. 6). There a thin dis- 
continuous bed of sandstone with pebbles rests un- 
conformabiy upon an impermeable crystalline floor 
of ancient gneiss, and is succeeded by a thick series 
of limestone. Upon the latter rock the dam is built. 
The geological picture here suggests that subsidence 
followed rapidly upon the deposition of the pebbly 
sandstone and removed the area far from the coastline 
of the period. 

Deltaic conditions occur where rivers enter the sea. 
The deposits consist mainly of sandstone with layers of 
mud, or of mud alone on the seaward side. Devonian 
shales, with a thin bed of limestone, occur at the 
Mount Morris dam, New York (Fig. 7), and belong 
to a vast sand-mud accumulation—the Catskill delta 

which spread westwards for at least 250 miles from 
an ancient mountain range that at one time extended 
southwards from Canada and along the eastern sea- 
board of the United States. 

Two dams may be cited as representing the con- 
trasted effects obtained where a continental environ- 
ment of strata is involved. Where sandstone occurs, 
it is often devoid of intercalations of argillaceous 
material. For example, a site in the West of Scotland, 
at Knockendon near the Firth of Clyde, consists of 
a sandstone which belongs to the upper Old Red 





Fie. 4. Succession of coal, shale and sandstone with cast of tree trunk, Midlothian coalfield, Scotland 
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Fig. 5. Ryburn dam, Yorkshire, after J. W. Wood, “Features of Construction of the Ryburn Dam,” Inst. 
Water Engineers Journal 1933 
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Fig. 6. Section along line of main trench, Cathaleen’s Falls dam, Erne hydro-electric scheme, Ireland, looking 
downstream 


Sandstone series. Occasionally, however. other types, 
in addition to the prevalent sandstone, occur in this 
formation. They form a rhythmic sequence of con- 
glomerates in which the upward grading is charac- 
terised by a decrease in the number and size of the 
pebbles until finally the characteristic red sandstone, 
with a thin bed of red mudstone on top, is reached. 
A conglomerate belonging to the base of the next 
thythmic series rests upon the mudstone. In another 
case, that of the Conchas dam in New Mexico (Fig. 
8) New Red Sandstone (Triassic) strata consist of 
alternating groups of red sandy mudstone (siltstone) 
and sandstone. Both in Scotland and New Mexico the 
strata were laid down in inland basins where lakes 
became repeatedly silted up. In the case of desert- 
formed sandstones no rhythmic sedimentation occurs. 
The typical strata consist of red sandstone only, which 
is often false bedded on a large scale, as in the dune- 
bedded New Red Sandstone (Permian) of Mauchline 
in the West of Scotland (Fig. 9). 

Open-sea deposits are not so subject to variation 
in composition, either laterally or vertically. Great 
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thicknesses of limestone belong to this environment, 
such as the Mesozoic and Early Tertiary limestones 
of the South of Europe and North Africa. Another 
type consists of impure sandstone termed greywacke, 
with layers of grit and finely pebbled rock, and occa- 
sional layers or thicker bands of shale. This grey- 
wacke association is characteristic of deeper-water 
sediments of Lower Palaeozoic age in the British 
Isles. An example of a dam site on marine limestone 
of Triassic age devoid of layers of shale is on the 
Gallina River in the Venetian Alps. Foundations on 
greywacke are illustrated by the Talla dam which im- 
pounds the main reservoir for the water supply of 
Edinburgh, and by others belonging to the Galloway 
hydro-electric scheme. Special difficulties were en- 
countered at certain of these sites, but variation in 
rock type was not one of them. 

Viewed in the broadest way, similar cycles of en- 
vironment are apparent in many countries in the strata 
belonging to a number of successive geological systems 
(see Table of Geological Formations, p. 145). For 
example, in the British Isles a new cycle was intro- 
duced after the Caledonian Moun- 
tains had arisen at the close of 
Lower Palaeozoic times. During 
the planation of the mountains 
and slow subsidences of the re- 
gion concerned, a continental for- 
mation, the Old Red Sandstone, 
was deposited. Next, with further 





subsidence, shallow seas spread 
over much of the region and lime- 








Fig. 7. Section in Devonian shales across site of Mount Morris dam, 
New York, after Burwell and Moneymaker, Geological Society of 
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stones and associated sediments of 
Lower Carboniferous age were 
laid down both inshore and in 
open sea, to be followed by the 
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Coal Measures when the silting-up process gained on 
the subsidences. Finally, cessation of subsidence 
brought the sedimentation cycle to an end. Lateral 
compression brought about the formation of a new 
range of mountains, the Hercynian chain, extending 
from the South of Ireland, S.W. England and east- 
wards across the continent of Europe. North of the 
mountains folding of strata also occurred in Great 
Britain though not in Ireland, so that the Coal 
Measures in England, Wales and Scotland have been 
preserved from denudation in deep synclinal basins. 
Following upon the denudation and planation of the 
region, the New Red Sandstone, comprising the Per- 
mian and Trias systems, formed the second great con- 
tinental formation of Britain. There were at that time 
deserts and vast inland seas and lakes which were 
periodically evaporated and produced beds of gyp- 
sum, anhydrite and rocksalt, as well as chemically 
precipitated magnesian limestone, the outcrop of 
which extends from the Durham coast southwards to 
Nottingham. Next, with further subsidence, coastal 
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Fig. 9. A desert-formed Red Sandstone, with dune bedding, Mauchline quarry, Ayrshire, Scot ind 
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Fig. 8. Geological section across canyon on line of Conchas dam 


seas again spread over much of the British Isles and 
in them a varied succession of limestone, sandstone, 
shale and clay was deposited during Jurassic times, 
with accumulation of chalk, during the Cretaceous 
period, in a sea bordered to the north by deserts and 
consequently free from river-borne detritus. Finally, 
during early Tertiary times, silting up took place, and 
the series of clays and sands, preserved in the London 
and Hampshire synclinal areas, were deposited near 
the shore and in the estuaries of rivers. 

In this last great cycle of successive environments 
let us consider the events over a much wider region 
than the British Isles, and picture the lateral distri- 
bution of environments from the viewpoint that the 
New Red Sandstone of Britain is of the same age as 
the thick marine limestones now exposed in countries 
bordering the Mediterranean, as in the Venetian 
Alps. During the Mesozoic era and Lower Tertiary 
times, a vast sea extended eastwards from the 
Pyrenees to the Himalayas. This sea has been named 
the Tethys and in it mainly limestone was formed. 
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TABLE I. 


ERAS 


QUATERNARY 


THE GEOLOGICAL 


SYSTEMS and SERIES 


RECORD ' 
Maximum 
Thicknesses 
of Strata (ft.) 


| Approximate 
| Dates (years) 


4,000 
Recent ... as ‘ 25.000 
Pleistocene or Glacial 1,000,000 
CAINOZOIC 
(* Recent Life” ) TERTIARY 63,000 70,000,000 
Pliocene 
Miocene Rise of ALPINE CHAIN 
| Oligocene 
Eocene 
/ . CRETACEOUS 64,000 120,000,000 
MESOZOIC oe | JURASSIC a 20,000 150,000,000 
, re oe) | TRIASSIC ) NEW 25,000 190,000,600 
_ RED 
SANDSTONE 
PERMIAN (Britain) 13,000 | 220,000,000 


|| CARBONIFEROUS 


Coal Measures 
Millstone Grit 
PALAEOZOIC 


(“Ancient Life™ ) DEVONIAN or 


OLD RED SANDSTONE 


SILURIAN 


ORDOVICIAN .. 


CAMBRIAN 


PRE-CAMBRIAN ERAS, the older of 
which in any country are called 
ARCHAEAN (at least) 


Bordering it to the north there was a belt of shallow 
seas nearer land in which a varied succession of 
sediments was deposited. Still farther north, as in the 
British area during the New Red Sandstone period, 
continental conditions were prevalent. In the region 
occupied by the Tethys the sea floor subsided at a 
faster rate than in the region to the north. The thickness 
of the sediments laid down in it is therefore greater 
than elsewhere. An elongate belt of maximum sedi- 
mentation of this sort is termed a geosyncline, the 
sea being a geosynclinal sea. The shallower seas to 
the north, nearer land, are called shelf-seas. The con- 
tinental region is called a geanticline, because it is at 
times subject to uplift, so renewing the land from 
which the detritus laid down in the shelf seas was 
derived. These sea floors, lying as they do between 
the geosyncline and geanticline, are subject to sub- 
sidence at one time and to uplift at another. This in 
part accounts for the varied character of their sedi- 
ments, and also for local breaks in the succession 
when sedimentation was discontinued for a time owing 
to an uplift period. 
To sum up, the history of the earth as displayed in 
the strata is repetitive, with great cycles extending 
over periods of 100—200 million years. 
(1) Such a cycle consists of the following events:— 
(a) Denudation of a recently-formed mountain range 
and related areas of high plateau or lower country. 

(b) Prolonged sedimentation in a slowly subsiding 
area which lies mainly at some distance from the 
location of the mountains, with, finally, silting up 
of part or most of the area. 

(c) The formation of a new mountain chain by lateral 
compression of the earth’s crust along a belt where 
sediments had been deposited in greatest thickness. 





‘After A. Holmes, ‘Principles of Physical Geo!ogy,”’ pp. 104-106. 
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Rise of HERCYNIAN CHAIN 
40,000 | 280,000,000 


Carboniferous Limestone 


37,000 320,000,000 
Rise of CALEDONIAN CHAIN 


15,000 350,000,000 
40,000 400,000,000 
40,000 $00,000,000 


2,200,000,000 


(2) The period of sedimentation is prolonged in 
three environments:— 

(a) Continental, near to which the mountains had 
been (geanticline). 

(b) Shallow seas bordering the continental area, where 
the thickness of sediment is controlled by spas- 
modic subsidence, varied by uplift (shelf-seas). 

(c) Open seas, where subsidence is pronounced and 
where consequently the succession of sediments 
is thickest (geosyncline). 

(3) The period of uplift is relatively short in dura- 
tion and has three characteristic environments:— 
(a) A belt of structural complexities, with formation 

of mountain ranges, coincident with 2(c) above. 
Vast overfoldings of strata accompanied by 
thrusting, giving rise to lowly inclined planes of 
rupture (thrust planes) and often followed by com- 
pression and the production of steep dips. 

(b) An adjacent belt of less intense folding, mainly 
coincident with 2(b) above, with open anticlines 
and synclines in which strata are mainly inclined 
at moderate angles. 

(c) A belt still farther from the new mountain ranges, 
with subdued folding and slight angles of dip, or 
with simple vertical uplifts forming tablelands 
where the strata remain horizontal. 

The lateral extent of the grand cycle is well illus- 
trated by the product of that former vast geosynclinal 
sea, the Tethys. From its waters have arisen, after a 
prolonged era of sedimentation, the alpine chain of 
mountain ranges which extend from the Pyrenees 
eastwards through the Alps, the Carpathians, the 
Caucasus, the Himalayas, and then turning southwards 
along Burma to the mountain-arcs of Indonesia to 
New Zealand. 
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Characteristic Wind Patterns and 






Electric Utility Supply 


In this article PERCY H. THOMAS discusses certain aspects 
of a paper by H. Duquennois presented to the World Power 
Conference, Brazil, 1954. 


N the October issue of WATER POWER, page 382, the 

abstract of the paper by M. H. Duquenncis' calls 

attention to a very significant characteristic of the 
patterns of the wind, namely its tendency to deve- 
lop its major energy content during those seasons of 
the year when the usual stream flow is deficient. 
While M. Duquennois recognises its advantage, this 
characteristic deserves far greater emphasis, for in 
consideration of other only recently recognised fac- 
tors, also favourable, it may be said to constitute 
the key-stone of the arch supporting a feasible tech- 
nique for the economic and operationally favourable 
exploitation of wind energy on a large scale. The 
signficant consideration is that not only does a 
proper combination of hydro and wind installations 
substantially increase the firm hydro capacity of a 
system, but it also, at the same time, establishes 
annual firm capacity for the average wind energy, 
through the use of the flush hydro at the season of 
the deficient wind energy: this result, however, is 
limited to certain reasonably favourable system con- 
ditions to be hereinafter set forth. 

Moreover, as M. Duquennois points out, this use 
of supporting wind energy greatly relieves the ur- 
gency for cleaning reservoirs of sedimentary deposits. 
More important than this, however, this reduction 
of the need for maximum storage may make economi- 
cal hydro sites which are now not so, because of the 
occasional very low stream flow on rivers without 
opportunity for adequate storage facilities for equaii- 
sation purposes. The necessity of finding a site for a 
major reservoir places an important limitation in the 
search for an economic water-power installation. 

Wind energy is the simplest, the most available, 
and perhaps the most widespread of our natural re- 
sources; it is free from most of the complications and 
hazards of other sources. It is delivered free upon 
the site and without the possbility of interruption. If 
its exploitation is found feasible, it offers a welcome 
diversity of supply. 

Among the many years of consideration of the 
various phases of the problem of utilizing the energy 
of the wind, a few really significant developments 
have occurred, which, when taken with results of 
certain recent intensive researches, point the way to 
practicable, economic and operationally acceptable 
means for the employment of the energy of the wind 
for an auxiliary source of firm power, up to perhaps 
20 to 30 per cent. of the total system capacity. This 
would at least apply in mixed, widespread, intercon- 
nected networks, where wind units were well dispersed 
near local load centres. Such significant developments 
are: 

The astonishing performance of the airplane pro- 

peller. 
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The operational success of the 1,000-1,250 kW 
Smith-Putnam wind turbine installed on Grand- 
pa’s Knob in Vermont, U.S.A. 

The important and highly favourable measure- 
ments of wind patterns on the coasts of England 
and Scotland and Ireland, by the British Elec- 
trical and Allied Industries Research Associa- 
tion. 

Studies of the typical patterns of the wind and 
recognition of their favourable relation to the 
patterns of stream flow, emphasised by M. 
Duquennois. 

While these developments are significant  sign- 
posts pointing in the right direction, they leave 
nevertheless some critical hurdles. It is the purpose 
of the present article to indicate the means for sup- 
plying certain missing links in the chain of ways and 
means for exploiting wind power—means worked 
out in connection with the researches started in the 
U.S.A. by the Federal Power Commission in the 
early forties. It is believed that these are generally 
unfamiliar to power engineers. Reference is here 
made to the Commission’s fourwind-power mono- 
graphs, issued respectively in *45, °46, °49 and °54.’ 

These missing links are here briefly explained for 
the benefit of engineers who wish to be informed, but 
do not care to make a study. 

I. The total amount of power that may be feasibly 
extracted from the wind within any one year, in an 
integrated system with well dispersed wind units, 
may be expected never to drop below more or less 
85% of the long time average. This is fundamental in 
the economics of wind power projects; it is obviously 
far more favourable than in the case of stream flow. 
This conclusion is supported by the study of many 
millions of U.S.A. Weather Bureau records of wind 
velocities. See the "54 monograph. The book by Her- 
mann Honnef, “ Windkraftwerke,” gives the results 
of very extensive studies of wind records in Germany 
over a number of years, and in many areas. His is 4 
very valuable meteorological research and the results 
agree rather well with the results of somewhat similar 
studies of the patterns of the wind in this country. 

Il. The conclusion of M. Duquennois that the 
seasonal patterns of the wind over the year are 
such as effectively to overcome the natural seasonal 
deficiencies of stream flow is well demonstrated in 
the 54 monograph, to which reference is suggested 
for an exhaustive study of the individual hourly 
variations of the extractable energy in 34 Weather 
Bureau station records of wind velocity during one 
month. The question as to the portion of the theoreti- 
cal energy in the wind, running to fantastic figures in 
storms, that is feasibly extractable, is there discussed. 
It thus appears that the patterns of the wind, rela- 
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tively to those of stream flow, are unexpectedly 
favourable. 
Ill. There remains to be considered the hobgoblin of 
most of those who have sought to utilise wind power 
the unpredictable short-time vagaries of the wind at 
any one location. These short-time vagaries are largely 
the variations seen on the daily weather bureau charts 
and no doubt follow from the meteorological changes 
in the conditions also shown thereon. Considering 
the control of these vagaries, the Commission’s re- 
searches have shown the very powerful effect of 
diversity in the wind pattern among well-dispersed 
local sites in equalising the varying individual pat- 
terns into a very much more acceptable overall pat- 
tern. Although by no means completely equalised, 
the variations in the overall pattern are very mater- 
ially reduced in magnitude, but more important, are 
reduced in duration. In the one month’s study of 34 
weather bureau stations, assumed interconnected, in 
a wide area, 25,000 total hourly readings, the total 
energy extractable from the wind never dropped 
below 20 per cent. of the month’s average for more 
than four consecutive hours. This period of four 
hours was assumed as being short enough, so that the 
system was not interested in the pattern of the genera- 
tion within the period as long as the total was as 
assumed. 

The same study showed that the average daily 
generation never remained below the month’s aver- 
age more than three consecutive days. These are most 
encouraging results and, while only a single month 
was involved in this study, there is little doubt in 
the mind of the writer that much the same condition 
will be found to be general. While this overall pat- 
tern, greatly improved by diversity, was by no means 
good enough as it stood, it was found that a very 
modest amount of hydro storage, in this case not 
over 10 per cent. of the wind energy to be equalised 
in the month, was sufficient to equalise completely 
the wind energy, to be utilised for a normal load 
curve. There are few of the large utility systems in 
the U.S.A. which do not have at least enough total 
storage to equalise about 25 per cent. of the system 
capacity in wind power. This effective method of 
dealing with the short-time deficiencies of the wind 
is most satisfactory. In this operation the so-calied 
pondage (relatively small ponds above dams), if 
aggregating the same total, is preferable to the major 
reservoirs, on account of their dispersal. 

Equalising wind energy for periods longer than 
about one month is not advantageous, since the 
natural pattern is more favourable, as already pointed 
out. 

IV. Even with these very favourable wind patterns, 
the ways and means for exploiting wind power are 
still incomplete. Fabricators of generating machinery 
and experienced operators point to the importance 
of using very large capacity hydro and steam plants, 
and huge units are now available. As contrasted with 
these steam and hydro units, wind turbines, as here 
envisioned, are preferably of much more modest 
size. Such smaller units spread over a large area per- 
mit advantage to be taken of the all-important wind 
diversity. Furthermore, the expedient of placing 
wind units near local load centres results in a great 
saving in transmission, and also in an important 
stabilising force in the network, if, as proposed, the 
aerogenerator includes an inverted rotary converter 
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capable of automatic voltage regulation. In contrast 
to this plan the construction necessary for the dis- 
tribution of, perhaps, 1.500 MW of steam or hydro 
energy from a single station to a large number of 
dispersed load centres is not a minor undertaking. 
As a practical matter a combination of the two types 
of distribution should be very useful. 

As physical structures wind turbines of large capa- 
cities are not feasible on account of the leanness of 
the energy in the wind and of the very heavy centri- 
fugal forces in the large blades. 

In favourably commenting upon the proposal to 
employ considerable numbers of isolated automatic 
hydro units to add important generating capacity to 
a system, the leading editorial in the July issue of 
WATER Power hit the nail on the head. However, 
wind units used in substantially the same manner are 
much more attractive, because a much freer choice of 
sites is usually available; because no hydraulic prob- 
lems are involved; because the annual reliability of 
wind power is much better; and because the choice 
of unit sizes may readily be limited to one or two 
standardised designs. The wind energy from the scat- 
tered units, once delivered into any network circuit 
loses its identity and may be drawn for use mixed 
with energy from other sources. 

Thus the existence of our widespread intercon- 

nected steam and hydro systems may be said to 
provide a lattice structure within which scattered 
automatic wind power stations may be connected, 
preferably near local load centres, aggregating ulti- 
mately a total of from 25 to 35 per cent. of the system 
capacity; in such a set up the part played by hydro 
storage would be essential. This is the new picture of 
the “case for wind power.” 
V. Obviously the favourable picture so far painted 
depends upon an operationally feasible, structurally 
stable, and relatively economic aerogenerator. This 
was early recognised in the F.P.C. research and 
several years were devoted to the design of a unit 
to meet the novel and unfamilar requrements. The 
final design (7,500-10,000 kW) is shown in extenso 
in the °46 and "49 monographs. Space will not permit 
the discussion of its many interesting and unique 
features, but the monographs show all the structural 
details, including a novel type of tower, complete 
aerodynamic computations and operational controls, 
safety devices, etc. 

It may be added that this design was a modifica- 
tion of the 1,000-1,250 kW Smith-Putnam wind tur- 
bine, with structural modifications to eliminate its 
mechanical weaknesses and a simplified method of 
control. Significant changes include double speed, 
25 ft. larger diameter, two wheels on a single tower, 
three blades in place of two, and greatly improved 
aerodynamics. The cost at the fall of 1953 was esti- 
mated as $127 to $102 per kW, according as the out- 
put of the turbine is 7,500 or 10,000 kW. According 
to the Duquennois abstract an expenditure of 70 
pounds (196 dollars) would be warranted to supple- 
ment the hydro deficiencies. The fabricating cost in 
Europe of the 7,500 kW unit should be materially 
less. These estimated costs should make wind power, 

at least within the limits here prescribed, cheaper 
than from any other source, even when the claims 
so far made for nuclear energy are included. 

In connection with the suggestion in the abstract 
that designers should undertake the task of making 
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a suitable aerogenerator, it is proposed that M. 
Duquennois should examine the above layout. 

The very important matter of firming capacity for 
wind energy has not been considered for lack of 
space. Studies have indicated that, while individual 
cases require special study, no operational difficulties 
or serious additional expense is likely. It may be 
added, however, that that portion of the hydro 
capacity of a mixed system, temporarily idle for lack 
of water at the low period, is available for priming 


Book Reviews 


International Electrotechnical Commission. Publica- 
tions No. 34—2 (Sth Edition); No. 56—2 (2nd Edi- 
ion} and No. 73 (1st Edition). Issued by the Central 
Oltice of the I.E.C. Geneva, Switzerland. Prices (net) 
Nos. 34—2 and 56—2 Swiss Fr. 5 per copy and No. 
73 Swiss Fr. 1-5. 

The first of these publications (No. 34—2) deals 
with I.E.C. recommendations with regard to deter- 
mining the efficiency of rotating electrical machinery. 
When the first edition was issued in 1953 the investi- 
gations were not complete, but the present edition 
contains all the schedules of losses to be taken into 
account when calculating the efficiency of the three 
following types of electrical machinery: d.c. motors 
and generators; polyphase induction motors and in- 
duction generators; and polyphase synchronous 
machines and generators. 

No. 56—2 relates to specifications for Alternating 
Current Circuit Breakers and includes a table of re- 
commended Rated Normal Currents, definitions of 
Rated Norma! Current, Rated Frequency, Rated Sup- 
ply Voltage of a shunt connected auxiliary circuit, 
Rated Frequency of an a.c. auxiliary circuit, and tem- 
perature rise. A table showing the values of allowable 
temperatures for the different parts of a circuit- 
breaker, including the oil for oil circuit-breakers and 
water for the arc extinction chambers of circuit- 
breakers with water break, is given. 

Publication No. 73 makes recommendations for the 
colours of push-buttons used for the starting and stop- 
ping of electric motors or other electrical apparatus 
and installations. These recommendations take into 
account the results of an inquiry conducted by the 
International Labour Office and published in the 
January-March 1952 issue of their review “Occupa- 
tional Safety and Health.” 


Model Analysis of Structures. By T. M. Charlton, 
B.Sc. (Eng.), A.M.I.Mech.E. Published by E. & F. N. 
Spon, Limited, 15 Bedford Street, Strand, W.C.2. 137 
pp. Price 21s. 

This book is concerned with the theoretical prin- 
ciples and techniques of methods of analysing en- 
gineering siructures with linear load-deflection charac- 
teristics with the aid of scale models. The methods of 
model analysis considered have been selected on 
grounds of their being easy to employ with speed and 
accuracy in the design office, without expensive tools 
and apparatus. Much of the material is based upon 
T. M. Charlton’s own experience of making and test- 
ing models. The direct method using the isodynamo- 
meter is original. 

One chapter is devoted to the theory of the indirect 
method based upon Muller-Breslau’s principle for 
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wind power at the very time that firm power is 
needed, and this can be effected substantially without 
expense. 
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statically determinate and linear indeterminate struc- 
tures. Alternative derivations of Muller-Breslau’s 
principle are considered using the principle of virtual 
work and the Maxwell-Beth reciprocal theorem res- 
pectively. The former principle indicates the possi- 
bility of applying the indirect method for structures 
with non-linear load-deflection characteristics. 

In his foreword to the book Professor T. A. L. 
Matheson, M.B.E., M.Sc., Ph.D., M.C.E., M.LC.E., 
M.1.Struct.E., Beyer Professor of Engineering in the 
University of Manchester, says: ““Models have proved 
their worth in many branches of engineering . . . It 
would seem that three reauirements must be met 
before structural models are widely adopted. The first 
is for designers to recognise their value, specially for 
structures which have to be analysed for several sys- 
tems of loads, or for rolling loads. The second is the 
publication of a satisfactory account of the theory and 
technique, linking the former with the widely accepted 
—if not widely comprehended—theory of similarity. 
The third is for a cheap and convenient apparatus to 
be marketed. Mr. T. M. Charlton’s book meets the 
second requirement admirably, and demonstrates that 
the third is redundant. It is to be hoped that it makes 
some impact on the first.” 


From page 129 

The Board is undertaking other works to further 
the benefits of this project. Among these works are 
plans to enlarge the discharge channel at Mujarrah, 
so that it will be able to discharge three times the 
quantity of water that it does at present, and to raise 
the bunds around the Habbaniyah Lake to increase 
the storage capacity from 1,000 million cu. m. to 
2,000 million cu. m. 


Dokan Dam 

Necessary investigations and borings of the area 
where the Dokan reservoir is to be constructed have 
been carried out and a suitable site for the dam and 
storage of water has been selected. Messrs. Binnie, 
Deacon & Gourley, the London firm of consulting 
engineers, have prepared the necessary designs and 
estimates for this work. The project involves the con- 
struction of an arched concrete dam, on the Lesser 
Zab river at the Dokan Gorge, 325 m. long and 108 
m. high with a width of 50 m. at the bottom and 
9 m. at crest level. This dam will raise the level of the 
river 90 m. above its summer level. The contract for 
the construction of the Dokan dam, together with 
the excavation of a tunnel 12-5 km. long on the left 
bank, was awarded to Dummez, a French firm, early 
in 1954 and is due to be completed in 1958. This pro- 
ject will irrigate large areas of plain in Arbil, Kirkuk 
and Diyala, and will ultimately include a power 
station having an installed capacity of 225,000 h.p. 
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Monolithic and 


Non-Monolithic 


Gravity Dams 


By G.S. SARKARIA, MS. (Civil Engg., Harvard) 


SENIOR DESIGN ENGINEER, BHAKRA DAM DESIGNS DIRECTORATE, NEW DELHI, INDIA 


In this article the three types of gravity dam are defined and the distinctive 

features of each compared with similar features of other types. To 

illustrate the differences in structural behaviour of these types, results 

from detailed stress and stability analyses of a proposed high dam are 

discussed. Various methods of analysis suitable for each type are men- 

tioned, and a systematic method of selection of the type most suited to a 
particular site is also presented. 


T is customary to think of all concrete straight 

gravity dams as monolithic structures. Two-dimen- 

sional monolithic action, that is in a direction nor- 
mal to the axis of the dam, is a basic characteristic of 
all gravity dams. However, dams capable of only two- 
dimensional monolithic action are not truly mono- 
lithic structures. A strictly correct application of the 
term monolithic dam is permissible omy for dams 
capable of three-dimensional monolithic behaviour. 
In other words, only gravity dams that act monoiithi- 
cally in all directions, including directions parallel 
and normal to the axis of the dam, may rightly be 
termed monolithic gravity dams. In a monolithic 
dam, therefore, no individual part of the structure is 
capable of behaviour independent of the whole 
structure. 

Theoretically speaking, after completion, a dam 
functions according to the criteria and assumptions 
incorporated in its design, and under the influence of 
special features of construction methods and pro- 
gramme. A rigid review of methods of design and of 
the constructional procedures employed for various 
straight gravity dams indicates that these dams can 
be classified into the following types of structure: 

a. Cantilever gravity dam. 
b. Hinged gravity dam. 
c. Monolithic gravity dam. 

Each of these represents a different type of struc- 
ture. The basis of this classification is the structural 
behaviour of each type of dam, which is different 
from that of either of the other two types. If stable, 
safe and economical dams of each of these three 
types were designed for a particular site and for the 
same loading conditions and design criteria, the 
quantity of concrete required for any one structure 
would be different from that needed for either of the 
others. 


Characteristics of Gravity Dams 

As the name implies, a gravity dam relies on the 
action of gravity to transfer all or a major portion of 
the forces acting upon it to the foundation. That 
even straight gravity dams act as three-dimensional 
structures, provided certain features are included in 
their design and construction, is explained later in 
the paragraph on methods of analysis. It is impera- 
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tive that a three-dimensional outlook be adopted 
when designing or analysing straight gravity dams. 
The third dimension, that is, the longitudinal or 
axial direction, is as important in straight gravity 
dams as it is in arch dams. 

Modern concrete gravity dams are composed of 
columnar monolihs which are separted by transverse 
contraction joints. The type of these joints, and 
whether they are keyed and grouted determines the 
possibility of three-dimensional behaviour in gravity 
dams. 


Cantilever Gravity Dams 

Concrete gravity dams which transfer all the ex- 
ternal loads acting against them vertically to the 
foundation, without transfer of any fraction of the 
load horizontally to the abutments, are termed can- 
tilever gravity dams. Such dams are composed of 
vertical cantilever blocks separated from each other 
by open transverse contraction joints. No vertical or 
horizontal keys are provided in such joints; in other 
words, the joints are formed by plain surfaces of 
concrete butting against each other. These joinis are 
considered open because they are never grouted 
with any cementing medium. An isometric view of a 
portion of a cantilever gravity dam is shown in Fig. 1. 

Though the vertical cantilevers that comprise the 
dam are monolithic struciures individually, the dam 
as a whole is a non-monolithic structure. Three- 
dimensional monolithic behaviour of the dam is not 
possible because no load can be transferred across 
the transverse contraction joints either by shear or 
by bending. 

The stability of the whole non-monolithic dam 
against sliding, shearing and overturning can only 
be expressed in terms of stability of individual can- 
tilever blocks. The dam is considered stable if each 
cantilever block is stable. If one of the cantilever 
blocks is unstable, its instability does not directly 
effect the stability of any of the other cantilever 
blocks. Stability of any individual block can be im- 
proved by increasing the section of the block and 
sometimes by using a better quality concrete for that 
particular block as compared to the rest of the dam. 
Both these remedies increase the cost of the dam. 
It is conventional to have continuous upstream and 
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Fig. 1. Cantilever gravity dam 





downstream surfaces for all gravity dams. An in- 
crease in section of one cantuever block therefore, 
reSuuS In a similar increase in sections of other 
o1ocks also. 

rrom tne standpoints of design, structural analysis, 
and consiruction, the cantilever dam is the simplest 
Of the three gravity types. lt may also be the most 
expensive. The cantiiever dam has a more massive 
secuion than either of the two other types. The sim- 
plicity and ease of construction of the keyless, open 
contraction joints somewhat reduce tne margin 
between comparative costs, but the cost of the extra 
concrete needed for the stability of the individual 
cantilevers is generally significant. In other terms, 
the most economical means of ensuring adequate 
stability of the structure would be the adoption of 
either a hinged or a monolithic gravity dam. 

This generalisation, however, is not true for all 
cases. In wide and flat canyons, load transfer from 
the central portion of the dam to the abutments 
would be negligible even if such a transfer were made 
possible by the provision of keys, or the grouting of 
the contraction joints. Thus, little would be gained 
from the three-dimensional behaviour of a hinged 
or monolithic dam. The cantilever gravity dam would 
be the ideal type for such a site. Some hinged and 
monolithic high gravity dams have been constructed 
in wide and flat canyons which would be considered 
structurally unsuitable for these types, and factors 
other than structural characteristics, such as the 
desirability of leakproof joints under high heads, 
generally influence the selection of monolithic or 
hinged dams for such sites. For wide and flat dam 
sites there is hardly any difference in the dimensions 
adopted for all three types of gravity structure but 
the monolithic dam would probabiy be the most ex- 
pensive. 

A list of noteworthy straight gravity dams of the 
cantilever type, which have been constructed in the 
last few years, is given in Table 1. 


Hinged Gravity Dam 

If the transverse contraction joints of the canti- 
lever type are constructed with vertical interlocking 
keys but are not grouted, the structure becomes a 
hinged gravity dam, a portion of which is shown in 
Fig. 2. The provision of interlocking open joints 


enables one cantilever block to transfer some of the 
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TABLE I 


Maximum he cht 


Dam Location ft 

Bull Shoals Arkansas, U.S.A. . 283 

Detroit Oregon, U.S.A... 450 

Pine Flat California, U.S.A. . 440 
Hirakud (power- 

house section Orissa, India gs 170 


load aciing on it to adjacent biocks, in the form of 
shear forces across the joint keys. 

In order to study the effect of hinged transverse 
joints on the structural behaviour of a dam, let us 
assume that the dam is composed of horizomal and 
vertical elements. these two elemental systems are 
assumed to resist and transfer to the foundation and 
abutments all the loads acting on the dam. In a 
cantilever-type gravity dam, since the transverse 
joints are plain and ungrouted, there are no hori- 
zontal elements and only the vertical cantilever 
elements comprise the dam. In a hinged dam, how- 
ever, the horizontal elements are beams hinged at 
every transverse contraction joint and fixed at the 
abutments. These hinged beams are incapable of 
transmitting bending moments across the joinis and 
are not, therefore, subjected to horizontal flexural 
compressive or tensile stresses. 

The main advantage of a hinged type of dam over 
a cantilever type is that the vertical elements of the 
hinged dam are relieved of a portion of the external 
pressure which is transferred horizontally by the 
hinged beam elements to the abutments. The vertical 
elements of the hinged dam thus need a thinner sec- 
tion to satisfy stability requirements than would be 
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Fig. 2. Hinged gravity dam 


the case if the vertical cantilever elements had to sus- 
tain the entire external load. Besides, the interlocking 
of adjoining blocks ensures a certain degree of 
security against failure of individual blocks by shear- 
ing or sliding. The vertical keys at the contraction 
joints are so designed that there is no possibility of 
a shear failure along a vertical transverse plane across 
the keys, even if the joints are ungrouted. 

Canyon Ferry dam in Montana, U.S.A. is an 
example of a hinged gravity dam. It is built in 4 
composite U-V shaped canyon’, with a canyon shape 
factor* equal to 5.2, and has a maximum height of 


* The canvon shape factor is defined as the ratio of the foundation and 
abutment perimeter of the dam-site to the maximum structural height 
of the dam 
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Fig. 3. Monolithic gravity dam 
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220 ft. During the initial stages of design the dam was 
planned as a monolithic structure with keyed trans- 
verse joints which were to be grouted, but detailed 
trial-load twist-stress analyses* indicated that the 
dam section was sufficiently massive to ensure 
stability even if the joints were left ungrouted. 
Hiwassee dam of the Tennessee Valley Authority is 
another hinged gravity dam. 


Monolithic Gravity Dam 

The term monolithic gravity dam has often been 
used to describe all concrete gravity dams. In this 
article the term is specifically used to designate struc- 
tures which are capable of three-dimensional mono- 
lithic behaviour. A monolithic gravity dam is an 
ideal structure of its class. The effects of an external 
load acting at any point are conveyed in all direc- 
tions, vertically to the horizontal foundation and 
horizontally to the inclined abutments. Also the sur- 
face continuity of the monolithic dam is maintained 
in all directions in an unstressed, as well! as a stressed 
condition. In a V or composite U-V shaped canyon, 
which is not so wide as to make the horizontal trans- 
fer of load insignificant, the monolithic gravity dam 
is more desirable and economical than either the 
hinged or the cantilever types. 

Since all massive gravity dams have transverse 
contraction joints, three-dimensional monolithic 
action is ensured by grouting these joints with cement. 
Keyed joints are preferred to plain joints because. 
after grouting, the kevs themselves assure resistance 
against shear in addition to the shear strength of the 
hardened cement grout. Fig. 3 shows an isometric 
view of part of a monolithic dam. It is of course 
more difficult and more expensive to grout a keyed 
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joint than a plain joint, but the extra expense is more 
than compensated by the increase in stability of the 
structure along the joint. 

To grasp the difference between the functions of 
a monolithic and a hinged dam, the assumption that 
the dam is composed of horizontal and vertical 
elements is again useful. If the hinged joints of the 
horizontal elements are grouted, each of these ele- 
ments represents a monolithic beam fixed at the ends 
and capable of sustaining a certain amount of lateral 
load. This load is conveyed to the abutments by 
bending as well as by shear and twist in the horizontal 
element. The share of external load taken by hori- 
zontal elements of a monolithic dam is thus greater 
than the load taken by the horizontal elements of a 
hinged dam, both dams being considered for the 
same site and having the same overall dimensions. 
This indicates that the vertical section of the mono- 
lithic dam could be reduced in size compared with 
that for the hinged dam. This is especially true for 
comparatively narrow canyons where the adoption of 
a monolithic or hinged gravity dam is more advan- 
tageous than the simpler cantilever gravity dam. 

Amongst the cadre of monolithic gravity dams 
can be counted some of the world’s largest and 
highest. Table IT including a few of them: 


TABLE II 
Dam Location Maximum height 

ft. 

Bhakra (under Punjab, India. . 680 
construction 

Friant . . . .|California, U.S.A. 319 
Grand Coulee . Washington, U.S. A. 550 
Kosi (proposed) .| India. 783 
Shasta California. U.S.A. . 602 


Comparison of the three types 

Figs. 4 and 5 show the vertical and horizontal 
elements respectively of a cantilever, a hinged, and 
a monolithic dam proposed for a particular site. The 
dam site is assumed to be a wide V-shaped canyon 
with a canyon shape factor of the order 4 to 7. The 
assumed variation and magnitude of total external 
load, including water pressure, hydrodynamic pres- 
sure due to earthquake acceleration, silt pressure. 
concrete inertia force due to horizontal earthquake 
acceleration and other forces. is shown along typical 
vertical and horizontal elements. The entire external 
load is sustained by the vertical elements of the can- 
tilever dam because there is no horizontal transfer 
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Fig 4. Load distribution at typical vertical sections: (a) cantilever dam, (b} hinged gravity dam and 
(c) monolithic gravity dam 
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Fig. 5. Load distribution at typical horizontal sections: 
(a) cantilever gravity dam, (b) hinged gravity dam 
and (c) monolithic gravity dam 


of load. Figs 46 and 5b show external load distribu- 
tion for a hinged dam, and Figs. 4c and Sc for the 
monolithic dam. The load distributions have been 
arbitrarily assumed to give a correct qualitative im- 
pression as experienced in the actual analysis of 
similar dams. Still further to clarify the difference 
between the three types of dams attention is drawn 
to the fact that the cantilever dam is shown to have 
the heaviest section, the hinged dam less heavy, and 
the monolithic dam to have. the thinnest section, that 
is, s,>s,>s,. If the canyon were wide and flat, how- 
ever, there would hardly be any difference between 
the three sections. 

An actual example is cited from the design of a 
proposed 650 ft. high straight gravity dam to illus- 
trate the differences between the three types. The 
maximum vertical transverse section is shown in 
Fig. 6. The dam is to be constructed in a wide V can- 


yon, the canyon shape factor for which has been 
computed to be 3.4 In addition to the water pressure 
the dam is subjected to a severe combination of hori- 
zontal and vertical earthquake accelerations. It is 
proposed to provide vertical keys on the faces of all 
the transverse contraction joins. Assuming the joints 
to be ungrouted, that is, the dam to be of the hinged 
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Fig. 7. Load distribution at maximum vertical trans- 
verse section of dam: (a) hinged type and (b) gravity 
type 


type, the load distribution along the maximum ver- 
tical section and at a horizontal section close to mid- 
height, between horizontal and vertical elements is 
shown in Figs. 7a and 8a. Similar load distribution 
for the monolithic dam at the same sections is shown 
in Figs. 7b and 8b. It is seen that the horizontal ele- 
ments of the monolithic dam carry a much greater 























TABLE Ill 
=e - portion of the external load than 
Cantilever Hinged Monolithic corresponding elements of the 
Dam Dam Dam hinged dam. 

1. At base of maximum vertical | Since the section for both types 
section: is the same, a comparison is made 
(a) Shear-friction factor 3:24 5°62 6-47 between the stresses and stability 
ae ee se factors for the two structures. The 

stream face excluding on 
uplift . (Ib. per sq. in.) 134 204 282 values of stresses and _ stability 
(Compressive) (Compressive) | (Compressive) factors, supposing the dam to be 
(c) Vertical stress* at down- 2s 358 280 of the cantilever type with the 


stream face excluding | (Compressive) (Compressive) | (Compressive) 


uplift . (Ib. per sq. in.) 
Maximum tensile horizontal 
beam stress, acting on a 
transverse vertical plane, | 
occurring at the upstream 
face of the dam (Ib. per sq. in.) 


tv 


None None 


* The vertical stresses in the above table in clude the effect of programme 
because su ch joints are to be provided in this dam 


longitudinal contraction joints, 
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same section, are also tabulated. 
The loading conditions and other 
criteria are the same for the three 
types of dams. 

These results show that the 
highest block of the cantilever 
dam would be considered unsafe 
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of grouting 
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Fig. 8. Load distribution at horizontal at mid keight 
of dam: (a) hinged gravity dam, (b) monolithic gravity 
dam 


against shearing and sliding, since the minimum value 
of shear-friction factor generaily considered acceptable 
is four®. Comparison between results for the hinged 
and the monolithic dam indicate that both are stable 
against sliding and shearing, and that the monolithic 
dam has a greater margin of safety. The occurrence 
of a tensile horizontal beam stress of 94 Ib. per sq. in. 
at the upstream face of the monolithic dam may be 
considered by some designers to be an unfavour- 
able feature of this type. Such tensile stresses tend to 
produce vertical surface cracks at places where they 
occur, and affect the monolithic behaviour of hori- 
zontal elements to some extent. However, the open- 
ing of a vertical crack at the upstream face creates 
greater compression at the downstream face, result- 
ing in a redistribution of stresses over the section of 
the horizontal element. The behaviour of the beam in 
flexure can ordinarily be considered unaffected unless 
high tensile stresses are found at a considerable num- 
ber of adjacent sections. To put it differently. even if 
vertical cracks occur at the upstream and down- 
stream faces of a monolithic dam, it is capable of a 
certain amount of monolithic action in a horizontal 
direction 

For this particular dam site, if all the three types 
of gravity dams have the same section as shown in 
Fig. 6, the final selection will have to be made 
between the hinged and the monolithic types. The 
competition between the two types is very stiff, 
because: —: 

(a) the hinged dam is stable; its vertical stresses are 
acceptable, though there is likelihood of vertical ten- 
sion at upstream face if uplift is included in stresses: 
there are no horizontal tensile stresses. Since the 
joints are open, no joint grouting operations are 
necessary. 

(b) the monolithic dam is more stable than the 
hinged dam: its vertical stresses are acceptable: there 
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is no possibility of vertical tension at upstream face 
if uplift is included in stresses; horizontal tensile 
stresses occur at certain points on the upstream and 
downstream faces of dam. Joint grouting operations 
are essential. 

Since the dam location is in a seismic area and 
the occurrence of earthquake shocks more severe 
than those adopted in design is possible, there may 
be some hesitation to leave the transverse contrac- 
tion joints open, since a monolithic dam has a higher 
degree of stability than a hinged structure. On the 
other hand, the hinged dam is economical because 
no provision is made for grouting the transverse con- 
traction joints. 


Proper Analyses 

The distinctly different structural behaviour of the 
three types of straight gravity dam is a clear indica- 
tion of the necessity to adopt proper methods of 
stress and stability analyses for each. The gravity 
method’ of analysis assumes that the dam is composed 
of a series of vertical blocks, each of which carries 
its load to the foundation by gravity action alone, 
without any transfer of load to the adjacent blocks. 
This method, therefore, is suitable for cantilever 
gravity dams only. The trial-load twist method? of 
analysis, developed by the U.S. Bureau of Reclama- 
tion. can be used to analyse both hinged and mono- 
lithic dams. This method is based on the basic 
concent of dividing the dam into hypothetical hori- 
zontal and vertical elements. The external load is 
assumed to be divided between the horizontal and 
vertical elements in such a manner that it causes 
equal deflections of horizontal and vertical elements 
at all common points, so that complete continuity of 
surface is maintained in the deflected structure. 

Straight gravity dams with keyed transverse con- 
traction joints, whether grouted or ungrouted. act as 
three-dimensional structures. This will be readily un- 
derstood from the following discussion. If the dam 
site is narrow and has sloping abutment walls, each 
vertical block from the centre of the dam toward the 
abutments will be shorter than the preceding one. 
Each block will therefore be deflected less by the ex- 
ternal loads than the preceding block and more than 
the succeeding one. Due to the restraint of adjacent 
blocks, the taller block will tend to pull the adjacent 
block forward and the shorter block will tend to 
hold it back. This interaction between adjacent blocks 
causes torsional moments in the blocks. These tor- 
sional moments, or the twist action as it is ofen called. 
materially affect the manner in which the external 
loads are transferred to the foundation and abut- 
ments by the dam. The twist action is quite signifi- 
cant if the dam is located in a narrow canyon with 
sloping abutments, and is negligible if the dam site 
is a wide and flat canyon with steeply sloping abut- 
ments. The suitability of hinged and monolithic dams 
for comparatively narrow canyons with sloping abut- 
ments is therefore evident. Sometimes such con- 
siderations as the lack of faith in, or familiarity with 
the lengthy and detailed procedures required for 
three-dimensional stress and stability analyses, or 
the extremely difficult conditions under which joint 
grouting operations would have to be carried out. 
may induce designers to adopt a comparatively ex- 
pensive cantilever gravity dam for a site that is 
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ideally suitable for either a hinged or monolithic 
type of straight gravity dam. 


Systematic Selection of Type of Dam 

To adopt the most economical section and efficient 
type of structure for a site considered suitable for 
concrete gravity dam, it is suggested that the analyti- 
cal investigations be carried out in the following sys- 
tematic manner: 

i. Selection of preliminary gravity section on the 
basis of a quick gravity analysis. Graphical methods‘ 
are also available for this purpose. 

ii. Determination of the suitability of the site for 
two-dimensional, hinged, or monolithic-type structure. 
Wide and flat canyons are generally unsuitable for 
either hinged or monolithic dams. 

iii. If the site is considered suitable for a cantilever 
gravity dam only, a thorough stress and stability 
analysis using the gravity method should be carried 
out to determine the most economical and acceptable 
section for the cantilever. 

iv. If the site is considered unsuitable for an 
economical cantilever gravity dam, complete analyses 
by the trial-load twist or any other equivalent method 
of three-dimensional stress and stability analyses, 
should be carried out for the conditions obtaining 
when the joints are keyed and ungrouted, and when 
the joints are keyed and grouted. 

v. On the basis of the results of these analyses it 
should be decided whether a hinged or a monolithic 
type of dam is more ecomical and otherwise suitable 
for the particular site. 

Caution and judgment are necessary in deciding to 
carry out an extensive trial-load twist analysis of a 


Large-Capacity Dumper Truck 


An opencast coal site in South Wales is being 
worked by George Wimpey & Co. Ltd., with a fleet 
of model 4 FFD Euclid rear-dump wagons in con- 
junction with 6 cu. yards shovel excavators. These 
trucks have a struck capacity of 20 cu. yards and were 
imported by John Blackwood Hodge & Co. Ltd., of 
London, W.1 : 

Designed for heavy haulage duties over rough 
ground, the FFD dumpers in the Euclid range can be 
supplied with alternative engine arrangements. Those 
in question are powered by two 
Cummins 4-cycle NHB-600 diesel 
engines mounted side by side be- 
neath the engine hood. Each en- 
gine develops 200 b.h.p. at 2,100 
r.p.m., has six cylinders with a 5} 
in. bore and a stroke of 6 in., and 
a maximum torque of 535 Ib. ft. 
at 1,200 r.p.m. The alternative 
engines consist of two General 
Motors, series 6-71, six-cylinder, 
2-cycle diesels each developing 
190 b.h.p. and providing a maxi- 
mum torque of 600 Ib. ft. at 1,200 
r.p.m. 

Duplicated Allison torqmatic 
transmission systems are fitted as 
each engine drives a separate rear 


154 


dam. This method is laborious and time-consuming. 
It can be considered worthwhile in the design of 
straight gravity dams higher than 150 ft. but for 
lower dams it may be economical to adopt the can- 
tilever type of dam without extensive analytical in- 
vestigations. 


Conclusions 

All concrete gravity dams are not three-dimen- 
sional monolithic structures. On the basis of their 
structural behaviour and designed features, such dams 
are classified into three types—cantilever, hinged, and 
monolithic. 

The selection of a proper type of straight gravity 
dam is essential to the design of the most efficient 
and economical structure for a particular site. 
Depending upon the height of the dam, such selection 
should be made on the basis of extensive two- and 
three-dimensional stress and stability analyses, which 
incorporate the functions of typical design features 
and characteristic structural behaviour of each of the 
three types of gravity dams. 
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axle through a model TCG-604 torque convertor, giv- 
ing a torque multiplication of 2-8: 1. Three forward 
speeds, and one reverse, are provided so that, with 
standard gear ratios, a speed range between 6-6 m.p.h. 
and 28-8 m.p.h. is obtained when the truck is loaded 
to capacity. The tandem drive axles are of the fully- 
floating, double reduction type having a total reduc- 
tion ratio of 14:2: 1. A single reduction differential 


is fitted and the final reductions in each wheel are 
achieved by means of a floating planetary system. A 
bogie action is produced as a result of the axles, 
operating independently, being mounted about a cen- 
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tral pivot on two semi-elliptical springs. Ground 
clearances at front and rear axles are | ft. 513 in. and 
114 in. respectively. 

Air-operated brakes, of the two-shce expanding 
type, are fitted to all wheels. A four-shoe 16 in. sector- 
type emergency brake is provided while an interlock 
valve ensures that air is fed automatically to the rear 
tandem service brake chambers when this emergency 
brake is applied. The air compressor and controls are 
of the Bendix-Westinghouse type. 

This large truck is claimed to have a high degree 
of manoeuvrability and power-assisted steering is em- 
ployed, hydraulic oil pressure for this purpose being 
maintained by a Vickers constant-delivery pump. The 
turning circle diameter is 88 ft., the wheelbase being 
15 ft. 6 in. Driver fatigue is minimised by the pro- 
vision of a bucket-type seat fitted with an air-foam 
rubber cushion mounted on a steel base. The stream- 
lined cab, which is 83 in. wide, is equipped through- 
out with safety glass. 

The body of the FFD model has a length of 18 ft. 
114 in.; to facilitate the satisfactory discharge of the 
load, it has been designed with rounded lower corners. 
The width tapers from front to rear giving an inside 
average of 9 ft. 8 in. Oak planking 1} in. thick is 
fitted between the } in. and 3, in. double bottom 
plating. The capacity of the body is given as 68,000 Ib. 
or 20 cu. yd. struck: when the load is heaped, figures 
of 23-3 and 32 cu. yd. are quoted for material sloping 
at 3 to | and | to I respectively. 

The body is brought up to a 66 deg. dumping 
angle by two hydraulic, three-stage, double-acting 
telescopic hoists, pressure for which (1,500 Ib. per sq. 
in.) is produced by gear-type pumps. A four-way 
valve, actuated from the driver’s cab, controls the 
raising, lowering, holding and free movement of the 
body. 

The tyres fitted are of the rock lug type and 16-00 x 
25. 24-ply rating are specified for all wheels; on the 
driving axles, dual wheels are employed. The overall 
length of this wagon is 31 ft. 6} in., the width being 
Il ft. 5S in. and the height 11 ft. 7 in. Loading height 
is 9 ft. 64 in. When empty the vehicle has a net weight 
of 68,000 Ib., thus the gross weight when fully loaded 
is 136,000 Ib. or approximately 61 long tons. 


The BTH ‘‘Magnestat’ ’ Voltage 
Regulator 


_ Increasing use is being made of magnetic amplifiers 
in voltage regulators for large generators and syn- 
chronous condensers, and to meet the demands for 
this type of regulator the British Thomson-Houston 
Co. Ltd. has developed the Magnestat voltage 
regulator. 

_ For general application the regulator is used in con- 
Junction with an amplidyne exciter which provides 
the excitation of the main exciter on automatic con- 
trol. The voltage regulator adjusts the excitation of 
the amplidyne field to keep the generator voltage 
within the prescribed limits of +1 per cent. 

A high speed of response is obtained by adequate 
forcing of the amplidyne and main exciter field cur- 
rents and by reducing the time constants of the mag- 
netic amplifier and amplidyne to a minimum. 

Another important feature is the reversibility of the 
amplidyne armature voltage making possible the 
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same degree of forcing in both directions, i.e. in- 
creasing and decreasing excitation. The amplidyne 
exciter is driven either by a d.c. motor, supplied from 
the constant voltage pilot exciter when one is avail- 
able, or by an a.c. squirrel cage motor supplied from 
the available low tension a.c. station supply. This is a 
flexible arrangement and enables the regulator to be 
readily applied to both new and existing installations. 

Features such as positive-phase sequence control, 
compounding for parallel operation, etc., which are 
common to most voltage regulators, are provided as 
required. The changeover from hand to auto control 
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Magnestat voltage regulator, type VM 21 with ampli- 
dyne exciter set on right 


and vice versa can be made smoothly without dis- 
turbance to the system. Protection is provided which 
automatically returns the generator to hand control 
in the unlikely event of a regulator failure. The various 
controls such as voltage adjusting rheostat hand/auto 
control switch, etc. can be mounted either on the regu- 
lator cubicle or remote from it as required. 


Lectures on Corrosion. A course of five lectures en- 
titled “Corrosion and Protective Measures for Buried 
and Submerged Structures” will be delivered by K. A. 
Spencer, B.Sc. Tech., A.M.I.-Chem.E., at Northamp- 
ton Polytechnic, St. John Street, London, E.C.1. The 
first lecture, dealing with the mechanism of corrosion, 
was given on Monday, March 7, at 7 p.m., and the 
second on March 14: succeeding lectures will take 
place on March 28, April 25 and May 22. In the 
second lecture, coatings for buried and submerged 
structures were considered while the remaining 
lectures will cover cathodic protection methods and 
the correlation of cathodic protection with engineer- 
ing structural design. The fee for the entire course is 
one guinea and application should be made at the 
above address either by post or personally. 








Abstracts from the 
World Technical Press 


Harnessing Underground Streams 

Underground plants driven by surface waters are 
now a fairly frequent feature of hydroelectric develop- 
ment, but the reverse combination, an underground 
stream harnessed to a surface plant, is still a rarity. 
In addition to the Gave d’Ossau Development (Water 
Power, May 1953, p. 197), there are now three other 
developments of this kind in France: Eylie, in the 
Ariége Département, and Goule Blanche and Bour- 
nillon, both underground tributaries of the Bourne in 
the Vercors region, which straddles the boundaries 
of the départements Is¢re and Dréme and is still well 
remembered as one of the main strongholds of French 
Resistance in 1944. The Goule Blanche plant, the 
oldest of the three (1933), has been modernised and 
now operates automatically, producing 12-5 million 
kWh per annum. Exploration in another under- 
ground tributary of the Bourne, the Goule Verte, has 
failed to reach an upstream point from which a diver- 
sion into Goule Blanche would have been possible. 
The largest plant of the Bourne development is the 
Bournillon power station, which houses generating 
units which operate on three separate heads of water. 
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The Upper Fall utilises the surface waters of the 
Bourne through the Balme dam (70,000 cu. m.), re- 
constructed in 1940, and has at present an installed 
capacity of 12,400 kVA. The Lower Fall collects the 
Arbois group of underground streams at their point 
of emergence (El. 404-25), where they pour into the 
bed of the Bourne; its main characteristics are: 


Maximum diverted flow (lit. per second) 5,000 
Gross head (metres) 98:5 
Installed capacity (kVA) —— 4,560 


Yearly production (million kWh) 
The Grotte Fall, harnessed in 1953, has the follow- 


ing characteristics: 


Maximum diverted flow (lit. per second) . 8,000 
Gross head (metres) : 111-5 
Installed capacity (kVA) . 10,000 
Yearly production (million kWh) 34 


Under the huge porch of the Bournillon cave, a 
small barrage has raised the level of the old perennial 
lake (El. 416°5) from which a 750 m. long tunnel on 
the left bank feeds the power house. The third fall, 
Pont-en-Royan, harnessed in 1950, is also fed directly 
by the underground Vercors waters; its visible catch- 
ment area does not exceed 250 sq. km. but the supply 
from all the underground tributaries of the Upper 
Bourne at least doubles the utilisable discharge, thus 
ensuring a production of 100 million kWh. 

This extensive and complicated hydro-geological 
system is still largely unknown; the upstream ex- 
ploration of the underground Vernaison stream from 
the Luire Cave, its natural surge tank, would require 
expert teams of specialists amply provided with equip- 
ment, while downstream, natural siphons which run 
dry at very long intervals and for a few hours only 
at a time, would prove dangerous to negotiate. It has 
nevertheless been found possible to harness the under- 
ground Vernaison stream at three different jumps, and 
there is no doubt that more development of this very 
uncommon type will come into being as soon as our 
fearless pot-hole hunters become less anxious to outdo 
one another in sporting deeds, and turn their attention 
to such practical problems as the quest for harness- 
able underground water resources. (A. Bourgin. 
Ingénieur en Chef des Ponts et Chaussées. La Hoouille 
Blanche, Vol. 9. No. 4, July-August 1954, p. 512, 4 
pp.. 3 ff.) 


Concreting at Dalles Dam 

This article describes the different production and 
placing methods used on this scheme, under fairly 
similar conditions, by two contractors: Dalles Power 
Constructors (14 powerhouse bays, service bay, fish 
turbine bay. and assembly bay and Atkinson- 
Ostrander Co. (spillway dam, 8 powerhouse bays, and 
navigation lock). The supply of raw aggregates. ob- 
tained from a borrow pit three miles from the job. is 
deficient in sand, and the available sand is gap 
graded. Methods of making up these deficiencies are 
the primary difference in aggregate production. Atkin- 
son-Ostrander Co., with a plant at the dam site. 
crushes excess sizes to make the required sand. while 
Dalles Powerhouse Constructors have subcontracted 
supply to Curtis Gravel Co. of Spokane. who have 
their plant at the borrow pit. imvort additional sand 
via an 11-mile truck haul, and deliver screened aggre- 
gate to Dalles Powerhouse Constructors at the dam. 
ready for use. In concrete placing procedure the basic 
difference is as follows: Dalles Powerhouse Construc- 
tors haul the mix from their batch plant by quick- 
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dumping trucks which transfer it to 4 cu. yard buckets 
handled by gantry cranes, the dumping action being 
quick enough to prevent segregation. Atkinson- 
Ostrander also use 4 cu. yard buckets, hauling being 
done at the spillway almost exclusively by diesel- 
electric trains of cars carrying each three to four 
buckets while at the power house site, about 2,500 
yards from the batch plant, trucks are used. Both 
contractors have similar batching and mixing installa- 
tions with four 4 cu. yards mixers each. One thing the 
two contractors have in common in their work on the 
2,150 ft. long powerhouse is sub-contractor for re- 
inforced steel work who was already on the job for 
Dalles Powerhouse Constructors when Atkinson- 
Ostrander got their share of the powerhouse contract. 
(Engineering News-Record, January 1, 1955, p. 36, 
3 pp.. 5 ff.) 


Pragnéres Power Station 

A detailed description is given of the Pragnéres in- 
stallations which constitute a major item of the 
general hydro-electric equipment of the Pyrénées. This 
development is not restricted to the Gave de Pau and 
its tributaries but also utilises water drawn from the 
upper watershed of the Neste d’Aure, a tributary of 
the Garonne. Generation is centralised at the Prag- 
néres power station which receives its power supply 
by gravity, partly by pumping; there are two 80,000 
kVA generating sets, operating at 428 r.p.m., each 
consisting of an alternator and two overhung single- 
nozzle Pelton wheels fed from the right-bank intakes. 
Room is provided for the future addition of a third 
set to operate exclusively in connection with the left- 
bank intakes. Besides two dams at Escoubous and 
Cap-de-Long, two pumping plants at Pragnéres and 
La Glaire, and the power house itself, the installa- 
tions consist of 35-9 km. of tunnels, 3:66 km. of 
canals, 7°9 km. of penstocks, siphons and pressure 
shafts, and thirty intake works. The Escoubous dam, 
a rock-fill structure with a downstream face of dressed 
masonry, creates a small balancing reservoir for the 
pumping plant of the Glaire valley. The Cap-de-Long 
dam is a concrete arch 275 m. in developed length 
and 4:5 m. in width at the crest, with a maximum 
height of 85 m. above the bed of the Gave. The reser- 
voir has a capacity of 67 million cu. m. Taking into 
account the energy withdrawn from existing plants, 
the Pragnéres plant provide an additional yearly pro- 
duction of 350 million kWh. (Pictorial supplement to 
La Houille Blanche, Vol. 9, No. 5, Sept.-Oct. 1954, 
p. 613, 14 pp., 27 ff.) 


Hell’s Canyon Project 

As in many other hydro-electric schemes in the 
United States, Hell’s Canyon project has stirred up 
sharp controversies between the advocates of federal 
development and supporters of private enterprise, re- 
presented in this instance by the Idaho Power Com- 
pany. The latter’s chances greatly improved at the 
end of November when counsel John C. Mason, of 
the Federal Power Commission, recommended that 
the Company be permitted to go ahead with the pro- 
ject. It is, however, doubtful whether this formal en- 
dorsement by a government official will settle the 
Issue; in fact, each party to the controversy has 60 
days in which to fill a second brief, and it may be 
another six months before the Commission hands 
down its ruling—expected to be in favour of private 
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development. Even then, the next Congress will still 
have the last word. As worked out by Idaho Power 
Company, the scheme involves the setting up of three 
low-level rockfill dams at Oxbow, Brownlee and Hell’s 
Canyon on the Snake River, with an aggregate head 
of 602 ft., an initial installed capacity of 783,000 kW 
and peak capacity of 900,800 kW. Provision would 
be made to increase installed capacity to 1,175,000 kW 
and peak capacity to 1,300,000 kW when required. 
The proposed federal project calls for a single con- 
crete arch dam with a head of 722 ft. and an installed 
initial capacity of 800,000 kW. (Engineering News- 
Record, Dec. 2 1954, Vol. 153, No. 23, p. 23.) 


Silt Transportation 

An analytical survey is made of the main aspects 
of silt transportation, and the validity of the distinc- 
tion generally accepted between suspended and bed 
load, is examined. The author presents the empirical 
formulae and theoretical interpretation which seem to 
be the most reliable from the viewpoint of practical 
application, or give the best possibilities of analysing 
transportation. The latest types of apparatus adopted 
in various countries for measuring transportation are 
described (Nesper, Collet, Neyrpic, p. 46 U.S. sampler, 
etc.). The exhaustive bibliography appended to this 
paper (4 pp.) should prove particularly useful to re- 
search workers interested in silting and silt transporta- 
tion; it is divided into five sections: general research, 
bed load, suspended load, density currents, and 
measurements of sediment load. (Dr. Ing. Giulio Gallo 
and Dr. Ing. Leonardo Rorundi, L’Energia Elettrica, 
Vol. XXXI, No. 11, November 1954, p. 850, 21 pp.. 
15 ff.) 


Hydro-Solar Power 

This article examines and discusses the possibility 
of turning to account the superabundant heat of the 
sun with a view to building up, at suitable localities, 
conditions favourable to the operation of normal 
hydro-electric plants. In other words, the natural 
evaporation of the tail water of a hydro-electric plant 
set up in a torrid region is to be utilised to maintain 
or even improve the operating head. According to 
conditions obtaining on site, hydro-solar plants can 
be erected in two patterns, the sea itself acting in both 
as a perenniai storage reservoir. The main difference 
lies in the tail-water evaporation basin which may 
either be a bay or cove communicating with the sea by 
a channel sufficiently narrow to be easily closed by a 
dam, or a sufficiently large depression at not too great 
a distance from the sea and lying well below sea-level. 
Both patterns can be built in three stages which, in 
the cove-type plant, are: (a) closing of channel; (b) 
waiting period until evaporation lowers the tail water 
to a level allowing favourable operating conditions; 
(c) normal working at a rate balancing the discharge 
into the tail water and evaporation. The correspond- 
ing stages in the punch-bowIl type are: (a) establishing 
the communication between the sea and the hollow 
through a canal or tunnel; (b) impounding the tail- 
water basin to a level balancing discharge and evap- 
oration; (c) normal working. The power house stands 
at a convenient point at the dam wall facing the land 
in the cove pattern, and on the tail-water slope of the 
cliff separating the sea from the evaporation basin in 
the punch-bowl pattern. The author deals with the 
problems peculiar to hydro-solar projects, such as the 
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rate of evaporation in the tail-water basin, the period 
of transition preceding the normal working of the 
generating plant, and the increased salinity of the 
tail water. With regard to the utilisation of the energy 
generated, due consideration must be given to the fact 
that the most favourable development sites are gener- 
ally far distant from consumption centres. There 
would therefore be an enormous advantage in coup- 
ling the setting up of a hydro-solar plant with the 
establishment in its vicinity of industries which would 
absorb the greater part of the power output of the power 
house. Such industries could be, for instance, the pro- 
duction of magnesium, electrolytic treatment of ores 
when available near by, distillation of sea water to ob- 
tain sweet water, and others. Civil engineering prob- 
lems connected with hydro-solar development would, 
of course, have to be tackled on an unusually large 
scale, but would otherwise hardly differ from those 
encountered in the usual type of hydro-electric instal- 
lations. Among the many other aspects of hydro-solar 
development which will have to be thoroughly in- 
vestigated, stress is laid on geophysical influences 
which may affect the phreatic water-table in the vicinity 
of the development, the equilibrium of the crust of 
the earth in large area developments, e.g. Red Sea, 
and even the climate. The article concludes with a 
survey of the major sites suitable for hydro-solar 
development: The Mediterranean, Red Sea, Persian 
Gulf, Lake Assal, etc. (L. Vadot, La Houille Blanche. 
Vol. 9, No. 5, Sept.-Oct. 1954, p. 557, 12 pp.. 11 ff.) 

Note.—Cf. “La Houille d’Or,” by George A. Whet- 
stone, Water Power, July 1954, p. 272 


Entrainment of Air in Closed-Circuit Flow 

Up to the present, research carried out on the flow 
of air-carrying water is rather scanty and this fact 
prompted the Anidel Association to commission a 
series of systematic tests which were made at the 
Laboratory of the Institute of Hydraulics and Hy- 
draulic Construction of the Neapel University for the 
purpose of throwing light on the problem. This paper 
gives a detailed description of the tests. The various 
aspects of air entrainment in vertical drains or shafts 
are discussed and, in the instance of free overflow 
shafts, considerations of general character are sup- 
ported by test results. Finally, stress is laid on the 
close interdependence of the phenomena occurring in 
two or more consecutive sections of a system of closed 
conduits, in which air is entrained by the flowing 
water, as well as on the difficulties encountered when 
attempts are made to determine a priori how the 
system will behave in actual practice. (Prof. Ing. 
Michele Viparelli, L’Energia Elettrica, Vol. XXX1, 
No. 11, November 1954, p. 813, 14pp., 25 ff.) 


New York State’s Niagara Plan 

The struggle for Niagara development between 
New York State Power Authority and private enter- 
prise shows no sign of abatement. When outlining the 
latest programme of development of the Power 
Authority recently, chairman Robert Moses made an- 
other sharp attack on the five private utility concerns 
also seeking to develop Niagara power, contending 
they had been guilty of 75 years of “exploitation” of 
Niagara Falls and were again trying to make a “kill- 
ing.” Mr. Moses also deplored the fact that the dispute 
on the American side of the river has held up utilisa- 
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tion of the additional Niagara water, while Canada is 
already benefiting from new plants using its share of 
the water. The private utility companies concerned 
do not however relent in their endeavours to tip the 
scale in their favour, and whilst chairman Moses 
threatens to resort to court procedure, at the risk of 
tying up additional generation for 20 or 30 years, 
their spokesman, Earle J. Machold, president of 
Niagara Mohawk Power Corporation, states it must 
be left to Congress to decide whether the development 
is to be a tax-free governmental undertaking or shall 
be carried out by tax-paying private enterprise. There 
seems to be no controversy on the development plan 
which, as worked out by N.Y. State Power Authority, 
is to comprise the following main engineering points: 
1, main power plant at Lewiston with ten 150,000 kW 
generators; 2, pumping-generating plant operating in 
conjunction with an artificially constructed storage 
reservoir, and equipped with six generator-motor units 
rated at 20,000 kW as generators and using 28,000 kW 
as motors; 3, utilisation of covered conduit water pas- 
sages between the intake and the forebay of the pump- 
ing plant, and of an open canal between the forebay 
of the pumping plant and the Lewiston Power Station. 
(Electrical World, Jan. 10, 1955, p. 53, 1 f.) 


Hydro-electric Development in Mexico 

The following information is extracted from a 
general survey of Mexican electric industry. Economi- 
cally developable hydraulic resources in Mexico are 
estimated at 7 million kW, most of it in the Atlantic 
watershed and more especially south of the Tropic of 
Cancer, in the so-called “tieraas calientes” (hot 


regions), where conditions are very favourable. with 


an abundant rainfall well distributed over the whole 
year. Except in the south, the rivers pouring into the 
Pacific have a rather irregular discharge owing to the 
fact that precipitation in the western Sierra Madre fol- 
lows a monsoon-like pattern, occurring almost ex- 
clusively during the summer months. On the whole, 
Mexican streams, in accordance with the complex 
orography of the country, have a meandering course, 
abundant in rapids and jumps; however. rivers with a 
large discharge offer wide possibilities to setting up 
high-head plants and large regulating reservoirs. 
Among the plants recently put into service are:— 
Necaxa, 115,000 kW and Patla, 45.000 kW on the 
Necaxa River in the Puebla State: Colimilla, 51,200 
kW, in the Jalisco State: Ixtrapantongo, 56,000 kW 
and Santa Barbara, 67,500 kW, in Mexico State. The 
31.500 kW power house built on the Rio Bravo im 
conjunction with the Falcon Dam, a joint U.S.-Mexico 
venture, is the only hydro-electric plant set up, so far, 
in the north. Up to 1948, hydro-electric plants were 
far ahead of thermal plants in installed capacity, but 
since 1949 the latter have greatly improved their post 
tion, reaching, and in some years even exceeding the 
hydro-electric level. From 1933 to 1953, production 
increased from 1,269 million kWh in hydro-electric 
plants and 259-6 million kWh in thermal plants, to 
2.845-5 and 2,868 million kWh respectively. Agere- 
gate production for 1954 was assessed at 6,150 million 
kWh. of which 80 per cent. is derived from com- 
mercial electricity undertakings and the rest in small 
industrial concerns generating their own energy. 
(Ouaderni di Studi e Notizie, Vol. 11, No. 187, 16.1.55. 
p. 60. 1 f.. 4 tables.) 
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